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SUBGLACIAL  MELTWATER  CHANNELS 

(NYE  CHANNELS  OR  N-CHANNELS)  IN  SANDSTONE 

AT  HINDOSTAN  FALLS,  MARTIN  COUNTY,  INDIANA 

Henry  H.  Gray:      Indiana  Geological  Survey,  Bloomington,  Indiana  47405 

ABSTRACT.  A  flat-topped  slab  of  sandstone  bedrock  about  the  size  of  a  football  field  is  exposed  at 
low  water  just  downstream  from  Hindostan  Falls,  Martin  County,  Indiana.  The  surface  of  this  rock  exhibits 
numerous  subparallel  linear  grooves,  many  of  which  are  5-10  cm  deep  and  8-20  cm  across.  Most  of  the 
grooves  span  the  entire  exposed  downvalley  length  of  the  rock.  These  are  interpreted  as  Nye  channels, 
commonly  called  N-channels,  that  were  cut  into  the  sandstone  by  the  movement  of  meltwater  beneath  a 
confining  layer  of  glacial  ice.  N-channels  are  the  product  of  discrete  or  consolidated  flow;  such  channels 
can  transport  large  volumes  of  sediment-carrying  meltwater,  commonly  as  a  slurry  that  can  be  a  potent 
agency  of  erosion. 

As  compared  to  N-channels  elsewhere  described,  those  at  Hindostan  Falls  are  small  and  simple.  Many 
features  shown  by  the  channels  indicate  that  they  were  formed  by  confined  water  erosion,  probably  beneath 
ice,  and  not  by  ice  movement  or  freely  flowing  water.  These  features  include  a  subparallel  pattern  having 
little  downvalley  branching  and  rejoining,  smoothly  rounded  cross  sections,  small  meanders,  undercut 
walls,  channels  that  rise  and  fall  slightly,  channels  that  climb  downvalley,  and  offsets  or  deviations  around 
obstacles. 

The  tongue  of  ice  beneath  which  the  N-channels  were  formed  lay  about  5  km  outside  the  presently 
mapped  extent  of  pre-Wisconsinan  glacial  deposits.  That  boundary  is  imprecisely  defined,  however,  mainly 
by  scattered  patches  of  till,  and  the  proposed  extension  of  the  glacier  is  therefore  plausible. 

Keywords:      Nye  channels,  subglacial  meltwater  flow,  glacial  boundary,  southern  Indiana 


Setting. — Hindostan  Falls  is  on  the  East 
Fork  of  White  River  about  15  km  downstream 
from  Shoals,  Martin  County,  Indiana  (Fig.  1). 
The  falls  is  one  of  several  places  along  the 
East  Fork  where  a  rock  ledge  extends  entirely 
across  the  channel.  Most  such  features  were 
formed  by  one  of  the  several  processes  by 
which  a  meander  may  be  cut  off  and  aban- 
doned. In  this  case  the  process  included:  1) 
deep  incision  of  a  valley  meander  into  bed- 
rock, 2)  partial  alluvial  backfilling  of  that  val- 
ley, mostly  by  outwash  of  one  of  the  pre-Wis- 
consinan glaciers,  3)  opportunistic  relocation 
of  the  channel  across  the  bedrock  neck  of  the 
meander  at  a  low  spot,  and  4)  downcutting  of 
the  new  channel  as  base  level  was  lowered 
(Bajza  1944).  A  tongue  of  one  of  the  pre-Wis- 
consinan glaciers  may  also  have  been  in- 
volved in  the  cutting-off  process. 

Just  downstream  from  the  falls  is  a  large 
flat  rock  slab  known  locally  as  Flat  Rock, 
which  is  exposed  only  when  the  river  is  rel- 
atively low  (Fig.  2).  Formed  of  cross-stratified 
sandstone  in  the  lower  part  of  the  Mansfield 
Formation  (Pennsylvanian),  the  rock  is  about 


100  m  in  each  horizontal  dimension.  Except 
for  a  few  deep  potholes,  several  rows  of 
square  holes  that  were  cut  for  the  placement 
of  a  timber-framed  dam,  some  other  obviously 
man-made  cuttings,  and  the  grooves  described 
below,  the  rock  surface  is  smooth  and  exhibits 
vertical  relief  of  less  than  0.5  m. 

Flat  Rock  has  been  there  for  a  long  time, 
but  the  grooves  have  stirred  little  comment. 
Bajza  (1944)  noted  only  that  the  rock  has  a 
''fluted  surface"  and  did  not  remark  further. 
The  rock  and  the  grooves  were  beautifully  il- 
lustrated by  Robinson  (1990)  in  a  short  note 
on  the  history  of  the  village  that  once  was 
nearby,  but  he  did  not  mention  the  grooves. 
And  although  I  have  visited  the  falls  several 
times,  I  never  saw  the  rock  until  I  discovered 
the  grooves  by  chance  on  a  family  tour  in  Oc- 
tober 1998,  when  the  river  level  was  very  low. 

Description  of  features. — Flat  Rock  is 
crossed  by  dozens  of  long  subparallel  grooves, 
singly  and  in  groups  of  a  few  dozens.  Many 
of  the  grooves  are  about  5—10  cm  deep  and 
8-20  cm  across  (Fig.  3).  The  bottoms  of  the 
grooves    are    rounded    as    are    the    shoulders. 
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Figure  1. — Maps  showing  location  of  Hindostan  Falls  (X),  Martin  County.  Dashed  line  indicates  ap- 
proximate limit  of  deposits  of  pre-Wisconsinan  glaciers  (modified  from  Gray  1989). 


Most  of  the  grooves  deviate  only  slightly  from 
a  down-valley  azimuth  of  about  1 1 8°,  but 
small  low-amplitude  meanders  are  common 
and  a  few  grooves  show  down-valley  branch- 
ing or  rejoining  at  acute  angles.  In  places,  the 
walls  of  the  grooves  are  undercut  (Fig.  4).  At 
the  up-valley  and  down-valley  edges  of  the 
rock  the  grooves  are  more  deeply  and  elabo- 
rately cut  and  those  at  the  up-valley  edge  of 
the  rock  rise  down  valley  (Fig.  5),  but  for 
most  of  the  way  across  the  nearly  level  sur- 
face of  the  rock  the  grooves  are  relatively  uni- 
form in  depth  and  are  nearly  straight. 

In  a  few  places  the  grooves  deviate  around 
an  obstruction,  such  as  a  possible  concretion 
now  gone  (Fig.  6).  Some  grooves  terminate  or 
are  offset  at  major  joints  that  cross  the  groove 
trend  at  an  obtuse  angle;  but  many  cross  the 
entire  down-valley  length  of  the  rock,  about 
100  m.  On  one  part  of  the  rock  are  a  few 
grooves  so  indistinct  and  shallow  that  they  al- 
most escape  attention.  The  grooves  are  not 
precisely  horizontal,  but  rise  and  fall  with  the 


subtle  relief  of  the  rock  surface  without 
change  in  cross  section.  This  can  most  readily 
be  observed  when  there  are  broad  shallow 
puddles  of  rainwater  on  the  surface  of  the 
rock. 

Analysis. — Because  the  grooves  are  less 
than  perfectly  parallel,  are  rounded  in  cross- 
section,  do  not  stop  abruptly,  and  are  not  ac- 
companied by  chatter  marks  or  signs  of  ice 
plucking,  they  almost  certainly  were  not  made 
by  the  sharp  cutting  action  of  rock  fragments 
embedded  in  moving  ice.  This  may,  however, 
have  been  the  manner  in  which  they  were  ini- 
tiated. Because  they  rise  and  fall  across  the 
rock  surface  and  do  not  form  any  kind  of 
branching  network,  they  almost  certainly  were 
not  formed  by  a  free-flowing  stream.  And  al- 
though this  site  was  historically  the  launching 
point  of  many  flatboats  and  keelboats,  man- 
made  grooves,  such  as  may  be  seen  on  the 
walls  of  historic  locks  where  the  tow-ropes 
have  over  the  years  worn  long  tapering  and 
very  straight  grooves,  must  also  be  ruled  out. 
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Figure  2. — (a).  Low-angle  oblique  aerial  photograph  (21  December  1999)  looking  northwestward  across 
Hindostan  Falls.  The  East  Fork  of  White  River  flows  toward  the  camera.  An  abandoned  former  meander 
of  the  East  Fork  is  in  the  distance;  rock  on  which  the  N-channels  may  be  seen  is  in  the  foreground.  River 
stage  is  about  42  mVs  (1500  cfs).  (b).  Digital  elevation  model  looking  northwest  at  a  higher  angle,  showing 
setting  of  Hindostan  Falls  in  a  broader  context  than  in  Figure  2a.  Width  of  block  scanned  is  about  six 
miles.  (Digital  data  from  parts  of  Loogootee,  Shoals,  Alfordsville,  and  Rusk  7V2-minute  U.S.  Geological 
Survey  topographic  quadrangle  maps;  DEM  created  by  Denver  Harper). 
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Figure  3. — View  downstream  showing  numerous  subparallel  N-channels.  In  the  distance,  a  major  joint 
crosses  the  N-channels  almost  at  right  angles.  Broad  grooves  that  cross  channels  at  acute  angles  in  the 
foreground  probably  mark  the  former  location  of  fossil  tree-trunks.  Square  hole  is  one  of  many  that  were 
excavated  long  ago  for  anchoring  a  timber  dam. 
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Figure  4. — N-channels  showing  undercut  walls.  Downstream  is  to  the  left. 
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Features  such  as  these  could  have  been 
formed  only  by  water  flowing  under  a  confin- 
ing layer,  such  as  ice. 

Subglacial  meltwater  flow  has  been  studied 
by  glaciologists  and  glacial  hydrologists  for 
the  past  30  years  (for  example,  Weertman 
1972;  Walder  &  Hallet  1979;  Whillans  1979; 
Sharpe  &  Shaw  1989).  These  hydrologic  stud- 
ies get  deeply  into  mathematics,  but  textbooks 
such  as  Bennett  &  Glasser  (1996)  and  Benn 
&  Evans  (1998,  esp.  pp.  109—1 17)  offer  more 
easily  understood  summaries.  Two  types  of 
such  subglacial  flow  are  recognized.  In  dis- 
tributed flow  the  meltwater  flow  is  diffuse,  as, 
for  example,  Darcian  flow  through  a  perme- 
able substrate.  In  discrete  flow,  meltwater,  typ- 
ically well-laden  with  sediment,  flows  as  a 
thin  sheet  or  in  discrete  closed  channels. 

Two  principal  types  of  discrete  subglacial 
channels  have  come  to  be  recognized,  each 
named  after  a  person  who  was  early  and  in- 
fluential in  their  definition  and  understanding. 
These  are  Nye  channels,  usually  called 
N-channels,  which  are  cut  into  the  bedrock 
substrate,  and  Rothlisberger  channels,  or 
R-channels,  which  are  cut  into  the  base  of  the 
glacial  ice.  In  both  types  of  channel,  the  chan- 
nel is  completely  water-filled  and  flow  is  by 
hydraulic  pressure,  not  by  simple  gravity.  Re- 
searchers commonly  point  out  that  these  chan- 
nels have  never  been  seen  in  the  process  of 
formation,  and  that  subglacial  flow  in  confined 
channels  has  only  been  postulated.  And  some 
argue  that  the  major  meltwater  movement 
takes  place  along  a  film  a  few  millimeters 
thick  at  the  ice-bedrock  interface  rather  than 
in  channels  of  any  kind. 

The  grooves  described  above  are  here  in- 
terpreted as  N-channels,  and  if  illustrations  in 
the  literature  are  representative,  they  are 
among  the  smaller  and  simpler  examples  of 
that  type.  They  also  may  be  more  easily  un- 
derstandable. The  parallel  pattern  in  which 
downstream  branching  and  rejoining  is  un- 
common, the  undercut  walls,  the  meanders, 
and  deviation  around  obstacles  are  critical  ev- 
idence. Equally  important  are  the  climbing 
channels  (Fig.  5)  on  the  upvalley  edge  of  the 
rock  (falling  channels  on  the  downvalley  edge 
are  less  definitive)  and  the  gentle  rise  and  fall 
of  the  channels  as  they  cross  the  slightly  ir- 
regular rock  surface.  Most  of  these  features 
could  have  been  formed  only  by  flow  beneath 
a  confining  layer  that  is  no  longer  present  and 


under  hydraulic  head  sufficient  to  prevent  in- 
vasion of  the  grooves  by  the  overlying  mate- 
rial. For  the  now-missing  confining  layer,  gla- 
cial ice  well  fits.  Further  explanation  of  the 
criteria  of  N-channels  may  be  found  in  Benn 
&  Evans  (1998,  pp.  328-332). 

How  do  these  features  compare  with  related 
features  elsewhere?  Some  of  the  best-known, 
though  perhaps  controversial,  examples  are  on 
Kelleys  Island  in  Lake  Erie.  The  dimensions 
of  these  megagrooves,  which  are  cut  into 
limestone  bedrock,  are  measured  in  meters. 
Their  prominent  characteristics,  which  include 
meanders,  finely  grooved  and  polished  surfac- 
es, undercut  walls,  and  streamlined  crag-and- 
tail  features,  prompted  Whittlesey  (1879)  and 
Chamberlin  (1888,  notably  on  pp.  212-213) 
to  suggest  that  the  megagrooves  were  cut  by 
sediment-laden  water  flowing  under  hydraulic 
pressure  beneath  glacial  ice.  Immediately  after 
the  initial  cutting,  the  advancing  ice  molded 
itself  into  the  channels  so  as  to  create  the  final 
finely  striated  and  polished  surface.  (That  sur- 
face, unfortunately,  quickly  disappears  when 
exposed.) 

More  recently,  Goldthwait  (1979)  conclud- 
ed that  the  megagrooves  on  Kelleys  Island 
represent  conventional  small  stream  channels 
initially  cut  during  an  interglacial  phase  and 
later  modified  by  glacial  sculpture  during  a 
glacial  maximum  when  the  ice  was  more  than 
a  mile  thick.  Snow,  Lowell  &  Rupp  (1991), 
after  an  extensive  discussion  of  the  same  fea- 
tures, seem  to  have  left  the  question  open;  but 
other  recent  papers  (for  example,  Walder  & 
Hallet  1979;  Whillans  1979;  Sharpe  &  Shaw 
1989)  illustrate  and  describe  features  similar 
to  those  on  Kelleys  Island  and  assign  them  to 
subglacial  meltwater  erosion. 

Most  of  the  authors  cited  above  believe  that 
meltwater  erosion  and  modification  by  ice 
were  almost  contemporaneous.  They  suggest 
that  frequent  but  temporary  and  local  detach- 
ment of  the  ice  from  its  bed  allowed  for  re- 
peated episodes  of  erosion  of  the  substrate  by 
sediment-laden  meltwater.  This  was  followed 
almost  immediately  by  the  polishing  and  stri- 
ating  action  of  the  ice  as  the  ice  excluded  the 
meltwater,  which  then  occupied  other  subgla- 
cial routes.  Extensive  and  complex  surfaces 
may  be  formed  in  this  way.  Walder  &  Hallet 
(1979,  pp.  340-341)  summarized  the  pertinent 
criteria  as  follows. 
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Figure  5. — Meanders  and  undercut  walls  in  N-channels  on  upstream  edge  of  rock.  Channels  ascend 
downstream,  away  from  camera,  and  lead  into  smaller  normal  grooves. 
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Figure  6. — N-channels  diverge  around  obstacle  no  longer  present,  possibly  a  concretion,  and  rejoin 
downstream  (to  the  left). 
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"Nye  channels  do  not  appear  to  form 
an  arborescent  network;  neither  the  chan- 
nel density  nor  the  average  channel  cross- 
sectional  area  changes  systematically 
down-glacier  .  .  .  Nye  channels  tend  either 
to  nearly  parallel  the  former  ice-flow  di- 
rection or  to  follow  local  bed  slope  .  .  . 
the  cavities  and  Nye  channels  form  a 
practically  continuous  network  of  drain- 
age conduits  .  .  .  Approximately  20%  of 
the  bed  area  mapped  was  not  in  close  con- 
tact with  the  basal  ice  during  much  of  the 
glaciation  .  .  .  our  map  [of  the  former  bed- 
rock floor  of  the  glacier]  does  not  repre- 
sent an  instantaneous  picture  of  condi- 
tions at  the  glacier  bed;  rather,  it 
represents  basal  conditions  averaged  over 
an  uncertain  length  of  time,  probably  sev- 
eral or  several  tens  of  years." 

Many  of  the  larger  and  more  elaborate  fea- 
tures that  elsewhere  have  been  attributed  to 
subglacial  meltwater  flow  are  not  present  at 
Hindostan  Falls.  One  possible  reason  for  this 
is  that  much  work  on  such  flow  has  been  done 
in  carbonate  terrain,  where  solution  may  have 
been  as  important  an  erosional  process  as 
abrasion.  Also,  many  of  these  studies  have 
been  carried  out  in  mountainous  regions 
where  the  hydraulic  head  and  thickness  of  the 
ice  may  have  been  much  greater  than  it  was 
here,  at  the  very  margin  of  a  wasting  conti- 
nental glacier.  And  finally,  it  appears  that  the 
large-scale  and  complex  features  seen  else- 
where connote  repeated  channel  formation  be- 
neath very  active  glaciers,  whereas  it  seems 
likely  that  the  N-channels  on  Flat  Rock  were 
the  result  of  a  single  short-lived  episode  of 
erosion  at  the  distal  margin  of  a  waning  ice 
sheet. 

Commentary. — Flat  Rock  lies  about  5  km 
outside  the  commonly  recognized  boundary  of 
deposits  of  the  pre-Wisconsinan  glaciations 
(Fig.  1).  The  suggestion  that  it  was  ice-cov- 
ered at  the  time  of  formation  of  the  N-chan- 
nels is  not  altogether  surprising  for  two  rea- 
sons. First,  the  glacial  boundary  in  this  area 
(Gray  1989)  is  uncertainly  defined  by  scat- 
tered exposures  of  till  and  areas  of  soil  in 
which  the  parent  material  is  interpreted  to  be 
till  or  loess  over  till.  Such  a  boundary  is  likely 
to  be  the  subject  of  occasional  revision  as  new 
data  are  developed.  Second,  it  is  entirely  pos- 
sible that  the  ice  may  have  been  only  a  tongue 


that  briefly  extended  from  the  main  body  of 
one  of  the  pre-Wisconsinan  glaciers  and 
flowed  down  the  valley  of  the  East  Fork.  Such 
a  tongue  might  also  have  contributed  to  the 
breaking-through  of  the  meander-core  ridge  to 
form  the  channel  in  which  the  East  Fork  now 
flows. 

Although  this  is  presently  the  only  known 
instance  of  N-channels  in  Indiana,  it  seems 
likely  that  there  are  unrecognized  examples 
elsewhere  in  the  three-fifths  of  Indiana  that 
has  been  glaciated.  Stripped  surfaces  in  quar- 
ries, which  commonly  display  glacial  stria- 
tions,  might  in  some  places  also  show  evi- 
dence of  N-channels.  Such  channels  in 
limestone  may  be  difficult  to  distinguish  from 
interstratal  solution  channels;  for  example, 
both  might  exhibit  anastomosing  patterns  and 
other  criteria  that  suggest  formation  under  hy- 
drostatic head. 

One  final  note;  the  surface  of  Flat  Rock  is 
available  for  observation  only  when  the  flow 
in  the  East  Fork  at  this  point  is  below  about 
85  m3/s  (3000  cfs)  and  stable  or  declining 
rather  than  rising.  Data  from  the  gauge  at 
Shoals,  about  15  km  upstream,  may  be  taken 
as  a  guide.  (Internet  access  to  these  data, 
which  are  reported  in  conventional  units,  may 
be  had  through  www.usgs.gov.)  Normally  the 
rock  is  visible  during  much  of  the  months  of 
July  through  December,  but  in  drought  years 
it  may  be  accessible  in  other  parts  of  the  year. 
When  the  flow  is  as  low  as  about  1  1  mVs  (400 
cfs)  it  is  possible  to  walk  dry-shod  around  the 
entire  perimeter  of  the  rock  and  to  observe  all 
its  interesting  features. 
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QUATERNARY  RECORD  AT  CAGLES  MILL, 
PUTNAM  COUNTY,  INDIANA 

Robert  D.  Hall  and  Allyson  K.  Anderson:     Department  of  Geology,  Indiana 

University-Purdue  University  at  Indianapolis,  723  W.  Michigan  Street,  Indianapolis, 
Indiana  46202 

ABSTRACT.  Indiana's  most  time-transcending  stratigraphic  section  of  Quaternary  deposits  is  probably 
the  exposure  in  the  wall  of  the  emergency  spillway  at  Cataract  Lake  in  Putnam  County,  Indiana.  The 
oldest  sediments,  whose  probable  age  is  early  Pleistocene,  consist  of  residuum  mixed  with  loess.  The 
overlying  middle  Pleistocene  sequence  consists  of  a  basal  loess,  a  thin  and  discontinuous  (0-50  cm) 
glaciolacustrine  unit,  and  several  meters  of  lodgment  till. 

Late  Pleistocene  sediments  include  an  Illinoian  till/outwash  sequence  and  three  late  Sangamonian 
through  late  Wisconsinan  units  deposited  primarily  by  eolian  processes.  Eolian  units  apparently  include 
both  the  early  Wisconsinan  Roxana  Silt  and  the  late  Wisconsinan  Peoria  Loess. 

There  are  several  buried  soils  in  the  section,  including  the  very  well-developed  Yarmouth  Soil  and 
Sangamon  Soil.  There  is  also  a  pre- Yarmouth  soil,  probably  early  Pleistocene,  which  developed  in  mixed 
residuum  and  loess.  The  three  youngest  soils  are  late  Sangamonian  (Chapin  Soil),  middle  Wisconsinan 
(Farmdale  Soil)  and  post- Wisconsinan  (present  surface  soil);  all  these  younger  soils  are  welded  to  each 
other  and  to  the  Sangamon  Soil. 

Keywords:     Glacial  geology,  Quaternary  geology,  paleosol,  stratigraphy,  general  geology 


The  most  useful  stratigraphic  sections  re- 
veal as  much  geologic  history  as  possible,  are 
well  exposed,  and  are  accessible.  The  walls  of 
the  Grand  Canyon  rate  high  for  their  long  rec- 
ord (Precambrian  through  Permian),  the  ex- 
cellent exposure  (nearly  100%),  and  accessi- 
bility (merely  walk  the  trails).  For  Quaternary 
geologists,  the  emergency  spillway  for  the  Ca- 
gles  Mill  Dam  (forming  Cataract  Lake;  Fig. 
1)  is,  in  a  sense,  Indiana's  "grand  canyon."  It 
is  Indiana's  most  complete  record  of  Pleisto- 
cene events  (early  Pleistocene  to  late  Wiscon- 
sinan). The  spillway  was  established  in  1954 
for  a  distance  of  about  300  m;  throughout 
most  of  this  length  there  is  a  magnificent  ex- 
posure of  the  Pennsylvanian  Mansfield  For- 
mation (Huff  1985;  Hasenmueller  &  Bleuer 
1987). 

Pleistocene  sediments  are  best  exposed  near 
the  east  end  of  the  north  side  of  the  spillway 
where  they  fill  a  paleovalley  that  was  eroded 
into  the  Mansfield  Formation  probably  early 
in  the  Pleistocene.  This  valley  is  about  18  m 
deep  at  the  point  where  it  was  intersected  by 
the  cutting  of  the  spillway.  The  paleovalley 
and  the  Pleistocene  sediments  it  contains  can 
be  traced  to  the  southeast  on  the  south  side  of 
the  spillway  cut. 


The  Pleistocene  part  of  the  Cagles  Mill  ex- 
posure (hereafter  known  as  the  Cagles  Mill 
section)  has  drawn  some  attention  from  ge- 
ologists since  it  became  available  for  study. 
Most  descriptions  of  the  section  are  brief 
(Wayne  1954,  1958;  Bhattacharya  1962; 
1963;  Wayne  1963;  Schneider  &  Wayne  1967; 
Hasenmueller  &  Bleuer  1987)  (Table  1).  To 
our  knowledge,  a  detailed  characterization  and 
interpretation  of  the  Cagles  Mill  Pleistocene 
sediments  and  soils  has  never  been  published 
before. 

As  part  of  an  ongoing  investigation  of  bur- 
ied soils  and  Quaternary  stratigraphy  in  cen- 
tral Indiana,  we  have  closely  studied  this  ex- 
posure as  one  of  our  key  stratigraphic  sections 
and  certainly  one  of  the  most  complete  and 
most  accessible.  In  this  paper,  we  share  our 
data  and  our  interpretations  on  this  extraor- 
dinary stratigraphic  section,  adding  much  de- 
tail to  that  published  previously,  particularly 
information  on  the  buried  soils  within  the  sec- 
tion. With  this  paper,  we  hope  to  render  this 
exposure  much  more  useful  to  all  geologists 
and  other  interested  people  who  visit  there. 

Our  presentation  here  is  really  geared  to 
three  audiences.  First,  a  brief  review  is  pre- 
sented for  the  reader  who  has  only  a  casual 
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X^J&lian^Sowjfr'' 


160    Kilometers 


Figure  l . — Location  of  the  Cagles  Mill  stratigraphic  section.  Inset  map  shows  Cataract  Lake,  the  Cagles 
Mill  dam,  and  the  emergency  spillway  cut.  The  arrow  marks  the  location  of  the  Cagles  Mill  section,  which 
is  in  the  SE1/4,  NW1/4,  Sec  13,  T12N,  R5W  The  inset  map  is  from  the  Poland,  Indiana,  7.5-minute  U.S. 
Geological  Survey  topographic  quadrangle. 


HALL  &  ANDERSON— QUATERNARY  RECORD  1  1 

Table  1. — A  comparison  of  the  interpretation  of  lithologic  units  in  the  Cagles  Mill  section  by  Wayne 
(1958)  and  Schneider  and  Wayne  (1967)  with  those  by  the  authors.  Thicknesses  of  the  units  are  given  in 
meters  in  the  brackets.  ;1  Complete  geologic-pedologic  descriptions  are  given  in  Table  2.  Units  are  numbers 
following  the  work  of  Wayne  (1958)  and  Schneider  &  Wayne  (1967).  b  We  recognize  two  silty  units,  the 
lower  having  a  greater  sand  content.  We  correlate  the  lower  unit  with  the  Roxana  Silt  and  the  upper  unit 
with  the  Peoria  Loess.  L  This  unit  may  be  of  late  Sangamonian  age.  d  This  unit  of  Schneider  and  Wayne 
includes  an  oxidized  subunit  over  an  unoxidized  subunit.  In  Wayne  (1958)  the  two  subunits  were  given 
unit  status.  The  two  subunits  are  of  about  equal  thickness  (~2  m).  L>  This  unit  is  the  Cagles  Loess,  named 
by  Wayne  (1958)  for  this  locality. 


Unit 


Wayne  (1958)  and 
Schneider  &  Wayne  (1967) 


Unit 


Hall  &  Anderson'1  (this  paper) 


Wisconsinan 
10       [0.9]   Yellow-brown   clayey    silt,    noncalcar- 
eous 


Illinoian 
9       [3.6]   Brown  till,  fractured,  noncalcareous 

8  [1.6]  Light  brown  till,  sandy,  clayey,  calcar- 
eous 

7  [1.8]  Dark-gray  till,  very  pebbly,  sandy, 
clayey,  calcareous 


Pre-Ulinoian 
6       [1.1]   Brown    to    greenish-gray    clay,    silty, 

sandy,  noncalcareous 
5       [2.6]   Brown  till,  sandy,  silty,  noncalcareous 

4  [4.5]  Reddish  brown  over  brownish  gray  till, 
sandy,  silty,  calcareous;  wood  frag- 
ments"1 in  lower  part 

3  [0.7]  Brownish-gray  clay,  laminated,  calcar- 
eous, wood  fragments  throughout 

2  [0.9]  Grayish  brown  silt;  wood,  peat,  humus 
at  topc 

1        [3.6]  Colluvium  and  bedrock 


Wisconsinan 
10B       [0.7 1   Yellow-brown    sandy    silt,    noncalcar- 
eous11 
10A       [0.4]   Yellow-brown    sandy    silt,    noncalcar- 
eous11 
Illinoian 
9  [0.2]   Yellow-brown   sandy   clay,   noncalcar- 

eous0 
8  [0.5]    Yellow-brown   sandy  clay,  gravelly, 

noncalcareous 
7A       [3.5]   Yellow-brown  diamicton  (till),  calcar- 
eous 
7B       [1.5]   Grayish-brown  diamicton  (till),  calcar- 
eous 
Pre-Illinoian 
6  [0.7]   Yellow-brown    sandy    silt,    noncalcar- 

eous 
5  [2.8]   Yellow-brown  diamicton,  (till)  slightly 

calcareous 
4  [3.7]   Grayish-brown  diamicton,  (till)  calcar- 

eous 

3  [0.1]   Brownish-gray  clayey  silt,  laminated, 

calcareous 
2  [0.8]   Grayish-brown    silt,    wood,    molluscs, 

other  organics 
I  [0.5]  Colluvium,  loess,  bedrock 


interest  in  the  topics  of  glacial  stratigraphy 
and  buried  soils.  Second,  for  glacial  geologists 
and  other  Quaternary  scientists  who  want  to 
have  more  information,  the  remainder  of  this 
paper  provides  a  more  detailed  summary  of 
our  work  on  the  Cagles  Mill  section  as  part 
of  our  nearly  10-year  effort  to  study  Quater- 
nary paleosols  in  Indiana.  Finally,  for  those 
who  seek  a  truly  in-depth  analysis  of  our  data 
on  the  Cagles  Mill  section,  we  provide  refer- 
ences to  the  pertinent  literature  (Hall  1992, 
1994,  1999;  Hall  et  al.  1998;  Hall  &  Anderson 
2000,  in  press;  Hall  &  Zbieszkowski  2000). 
In  this  paper  we  do  not  attempt  to  repeat  the 
in-depth  analyses  of  our  extensive  previous 
work.  Unless  otherwise  referenced,  the  results 


and  interpretations  presented  in  this  paper  are 
our  own  and  are  based  upon  the  detailed  stud- 
ies cited  above.  Specific  references  from  our 
work  are  cited  in  some  places  in  the  text  to 
facilitate  the  reader's  search  for  more  infor- 
mation. 

OVERVIEW  OF  STRATIGRAPHY 

From  the  base  to  the  top,  the  Pleistocene 
section  (Fig.  2)  consists  of:  unit  1)  the  older 
of  two  pre-Illinoian  loesses  mixed  with  sand- 
stone residuum  derived  from  the  Mansfield 
Formation,  unit  2)  a  younger  pre-Illinoian 
loess  (the  Cagles  Loess  of  Wayne  1963),  unit 
3)  pre-Illinoian  lacustrine  sediments,  unit  4)  a 
pre-Illinoian   till   (glacial  diamicton),   unit  5) 
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Table  2. — Pedologic  characteristics  of  the  Cagles  Mill  Section.  *  Surface  soil  mostly  eroded  leaving  a  thin 
silty  Bt,  underlain  by  an  older  buried  soil  that  forms  a  fragipan  (25-112  cm).  The  fragipan  character  is 
expressed  by  a  massive  appearance,  hard  dry  consistence,  and  vertical  fractures  filled  with  light  gray  silt. 
This  older  soil  is  probably  the  Farmdale  Soil,  which  in  turn  is  underlain  by  the  Sangamon  Soil  (from  112 
cm  downward).  Abbreviations:  Geologic  unit  LW  =  Later  Wisconsin,  EW  =  Early  Wisconsin,  LS  =  Late 
Sangamonian,  111  =  Illinoian.  Soil  Horizon  Bt  =  textural  (argillic)  B  horizon,  Bx  =  fragipan,  b  =  buried 
horizon.  Dry  color  (and  elsewhere):  ND  =  no  data  available.  Size  of  mottles  c  =  coarse  (>15  mm),  m  = 
medium  (5-15  mm),  f  =  fine  (<5  mm).  Abundance  of  mottles:  a  =  abundant  (>20%  of  soil  surface), 


Geological 

Soil 

Depth 

Moist 

Dry 

Abun- 

unit 

horizon 

(cm) 

color 

color 

Color 

Size 

dance 

sandy  silt 

Bt* 

0-25 

10YR  4/6 

10YR  7/6 

10YR  5/8 

m 

u 

(L.  Wise,  loess) 

10YR  7/4 

m 

u 

sandy  silt 

BC1 

25-66 

10YR  5/6 

10YR  8/4 

10YR  7/4 

m-c 

c 

(M.  Wise,  loess) 

(E') 

10YR  5/8 

m-c 

c 

sandy  silt 

2BC2 

66-112 

10YR  5/6 

10YR  8/3 

10YR  7/4 

c 

c 

(loamy  sed.) 

(2B'x) 

10YR  5/8 

sandy  clay 

3Btlb 

112-135 

10YR  4/6 

10YR  8/3 

7.5YR  5/8 

m 

c 

(outwash) 

10YR  7/4 

m 

u 

sandy  clay 

3Bt2b 

135-150 

10YR  4/6 

ND 

7.5YR  5/8 

m-c 

a 

(outwash) 

10YR  2/1 
10YR  7/4 

m-c 
m-c 

c 
u 

sandy  clay 

4Bt3b 

150-187 

10YR  4/6 

10YR  5/8 

7.5YR  5/8 

m-c 

a 

(outwash) 

10YR  2/1 
10YR  7/4 

m-c 
m-c 

c 
u 

diamicton 

4BCb 

187-290 

10YR  6/6 

10YR  7/4 

10YR  6/8 

m-c 

a 

(111.  till) 

10YR  7/3 

m-c 

c 

diamicton 

4CBb 

290-420 

10YR  5/4 

10YR  7/4 

10YR  6/8 

f-m 

c 

(111.  till) 

10YR  7/3 

m-c 

u 

diamicton 

4Cb 

420-537 

10YR  5/6 

10YR  6/8 

10YR  6/8 

f-m 

c 

(111.  till) 

500-510 

10YR  4/6 

10YR  4/5 

10YR  7/3 

m-c 

LI 

diamicton 

4Db 

537-687 

10YR  4/2 

10YR  8/4 

10YR  6/8 

f 

U 

(111.  till) 

sandy  till 

5Btb 

687-755 

10YR  5/6 

10YR  5/6-8 

c 

(coll.  loess) 

10YR  6/1 

diamicton 

6Bcb 

755-925 

10YR  5/8 

10YR  6/8 

10YR  7/1 

c 

a 

(Pre-Ill.  till) 

diamicton 

6CBlb 

925-965 

10YR  5/6 

10YR  7/4 

10YR  4/6 

f-m 

a 

(Pre-Ill.  till) 

silt 

7CB2b 

965-1001 

10YR  5/4 

10YR  6/4 

10YR  4/6 

f-m 

a 

(Pre-Ill.  silt) 

diamicton 

8CB3b 

1001-1030 

10YR  5/6 

10YR  7/4 

10YR  4/6 

f-m 

a 

(Pre-Ill.  till) 

diamicton 

8DCb 

1030-1139 

10YR  5/3 

10YR  7/3 

10YR  4/6 

f-m 

c 

(Pre-Ill.  till) 

diamicton 

8Db 

1139-1380 

10YR  4/2 

10YR  6/1 

(Pre-Ill.  till) 

silt 

9Db 

1380-1388 

silt 

Ab 

1388-1392 

silt 

Eb 

1392-1400 

silt 

Cb 

1400-1465 

sandy  silt 

Btb 

1465-1485 

sandy  silt 

BRgb 

1485-1510 
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Table  2.  Extended. —  c  =  common  (2-20%  of  soil  surface),  u  =  uncommon  (>20%  of  soil  surface). 
Soil  texture:  L  =  loam,  SCL  =  sandy  clay  loam,  SIL  =  silt  loam,  SL  =  sandy  loam.  Grade  of  soil 
structure:  1  =  weak,  2  =  moderate,  m  =  massive  (no  structure).  Size  of  soil  structure:  pi  =  platy,  sbk  = 
subangular  blocky.  Degree  of  expression  of  clay  films:  1  =  few  (5-25%),  2  =  common  (50%),  3  =  many 
(50-90%).  Thickness  of  clay  films:  k  =  thick,  mk  =  moderately  thick,  n  =  thin  (See  Soil  Survey  Staff, 
1998).  Morphology  of  clay  films:  br  =  bridges,  co  =  coatings  on  grains  >  2  mm,  pf  =  on  ped  faces,  po 
=  in  tubular  or  interstitial  pores.  Distinctness  of  boundary:  a  =  abrupt  (within  less  than  2.3  cm),  c  = 
common  (between  2.5  and  6  cm).  Topography  of  boundary:  i  =  irregular,  s  =  smooth,  w  =  wavy. 


Matrix 

textural 

%  >  2.0 

Horizon 

class 

mm      Grade 

Size 

Type 

Clay  films 

Dry 

Moist 

Wet 

HCL  rx  boundary 

SIL 

SIL-L 

L 

SCL 

SCL 


0 

0 

0 
1-2 

2 

5 


c  sbk 

m-c  pi 

c  sbk 

m-c  sbk 

c  sbk 


3,  mk,  pf 
2,  n,  po  +  br 
1,  n,  po  +  pf 

1,  n,  po  +  pf 

1,  n,  po 

2,  k,  pf 


sh  fr  so,  p 

sh  fi  so,  p 

h  fr  ss,  p 

h  fr  ss,  p 

sh  fr  s,  p 


none 


none 


none 


none 


none 


a,  s 
c,  s 
a,  w 
a,  i 
a,  w 


SCL 


30 


vc 


sbk 


2,  n,  po 
1,  mk,  pf 


fr         ss,  p 


none  c,  w 


L-SL 

9 

1 

m 

sbk 

1,  k,  pf 
1,  mk,  po 

h 

fr 

ss,  ps 

none 

c,  - 

L 

8 

m 

vl,  n,  pf 

h 

fi 

ss,  ps 

si 

c,  - 

L 

S 

m 

h 

fr 

ss,  ps 

111 

a     - 

L 

8 

m 

h 

ti 

s,  p 

St 

a,  w 

L-SICL 

<1 

2 

c 

abk 

2,  k,  pf 

h 

fr 

ss,  p 

vsl 

c 

CL-L 

5 

1-2 

c 

abk 

2,  mk,  pf  +  po 

h 

fr 

s,  p 

vsl 

c,  w 

L 

7-8 

m 

li 

fr 

vss,  ps 

vsl 

a,  w 

SIL 

<1 

m 

sh 

fr 

so,  ps 

vsl 

a,  s 

SIL/L 

7-8 

m 

sh 

fr 

vss,  ps 

vsl 

a,  w 

L 

7-8 

m 

h 

fi 

ss,  p 

vsl 

d 

SCL 

7-8 

m 

h 

fi 

ss,  p 

OS 

SIL 

es 

SILT 

es 

SILT 

OS 

SILT 

es 

SIL 

st 

SIL 

vsl 
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pre-Illinoian  colluvium,  unit  6)  an  Illinoian 
till,  unit  7)  Illinoian  outwash,  unit  8)  a  prob- 
ably late  Sangamonian  sandy  unit,  probably 
mainly  of  eolian  origin,  unit  9)  a  probably  ear- 
ly Wisconsinan  sandy  loess,  and  unit  10)  the 
late  Wisconsinan  loess.  In  formal  stratigraphic 
terms,  units  1  through  5  would  be  placed  in 
the  Cloverdale  Member  and  units  6  through  8 
in  the  Butlerville  Member  of  the  Jessup  For- 
mation of  Wayne  (1963).  However,  a  more 
useful  stratigraphic  framework  for  regional 
correlations  would  be  that  used  in  Illinois 
(Johnson  1986).  The  pre-Illinoian  units  2 
through  5  probably  belong  to  the  Harmattan 
Till  Member  or  the  Hillery  Till  Member  of  the 
Banner  Formation  deposited  —  560—450  ka. 
Units  6  through  8  are  probably  the  Vandalia 
Till  Member  of  the  Glassford  Formation.  Unit 
9  is  the  Roxana  Silt,  and  unit  10  is  the  Peoria 
Loess. 

There  are  six  buried  soils  in  the  Cagles  Mill 
section  (Fig.  2).  From  oldest  to  youngest, 
these  soils  and  their  parent  material  units  are 
soil  A)  an  unnamed  early  Pleistocene  soil  de- 
veloped in  unit  1  and  into  the  underlying  bed- 
rock, soil  B)  an  unnamed  soil  in  the  upper  few 
cm  of  unit  2,  soil  C)  the  Yarmouth  Soil  de- 
veloped in  units  4  and  5,  soil  D)  the  Sanga- 
mon Soil  developed  in  units  6  and  7,  soil  E) 
the  Chapin  Soil  in  unit  8,  soil  F)  the  Farmdale 
Soil  in  unit  9,  and  soil  G)  the  surface  soil 
developed  in  unit  10.  The  most  extensively 
developed  soils  are  the  interglacial  Yarmouth 
Soil  (Soil  C)  and  Sangamon  Soil  (Soil  D).  Soil 
A  is  moderately  well-developed,  about  com- 
parable to  the  surface  soil  (Soil  G).  Soil  B  is 
represented  only  by  an  A-horizon.  Soil  F 
(Farmdale  Soil)  is  also  weakly  developed 
compared  to  all  the  other  soils  except  soil  G. 
Soil  E  (Chapin  Soil)  may  be  detected  only 
upon  close  observation  because  it  is  welded 
to  the  Sangamon  Soil,  making  the  two  soils 


appear  as  only  one.  The  Farmdale  Soil  is  also 
welded  to  the  Chapin-Sangamon  Soil,  and  the 
surface  soil  is  welded  to  the  Farmdale  Soil. 
Thus,  there  is  a  stack  of  four  soils  at  the  top 
of  the  Cagles  Mill  exposure;  this  soil  is  thus 
the  surface  soil-Farmdale-Chapin-Sangamon 
Soil,  encompassing  time  from  the  late  Illinoi- 
an to  the  present  (~  150  ka)  and  climates 
varying  from  perhaps  3—5  °C  warmer  to  6—10 
°C  colder  than  at  present.  The  lithologic  and 
pedologic  characteristics  of  the  section  are  de- 
scribed and  interpreted  below  by  considering 
sediments  and  soils  formed  during  certain 
blocks  of  time. 

QUATERNARY  EVENTS 

Pre-Glacial  to  early  Pleistocene.  (1.65 
MA  (?)  to  ~  780  ka)— The  sediments  at  Ca- 
gles Mill  fill  a  pre-glacial  valley  in  the  bed- 
rock. This  valley  later  served  to  direct  the 
flow  of  pre-Illinoian  and  Illinoian  glaciers.  We 
do  not  know  when  stream  erosion  ceased  in 
the  Cagles  Mill  paleovalley  and  when  the  site 
received  its  first  Quaternary  sediments  that 
were  preserved.  Fragments  of  the  underlying 
Mansfield  Sandstone  were  incorporated  into 
these  earliest  sediments,  probably  by  frost 
heaving.  Mixed  loess  and  residuum  (Fig.  2) 
are  commonly  reported  in  Ohio  soils  that  were 
believed  to  be  developed  under  cold,  perigla- 
cial  conditions  (Everrett  et  al.  1971;  Amba  et 
al.  1990;  Frolking  1988;  Szabo  1997). 

Was  the  first  loess  sedimentation  preceded 
by  the  weathering  of  bedrock?  Both  the  in- 
place  bedrock  and  the  sandstone  fragments 
mixed  upward  into  the  oldest  loess  unit  are 
iron-stained  in  yellows  and  reds,  crumbly,  and 
appear  to  be  extensively  weathered.  However, 
these  materials  were  later  the  parent  materials 
for  Soil  A,  as  noted  above.  Thus,  their  weath- 
ering could  have  occurred  either  prior  to  or 
after  initial   loess  deposition.   The  extensive 


Figure  2. — Columnar  section  and  plots  of  selected  soil  characteristics.  Columnar  section  shows  litho- 
logic units,  their  inferred  ages,  soil-stratigraphic  units  and  soil  horizons.  Soil-horizon  symbols  follow 
standard  practices  of  the  NRCS.  An  exception  is  the  downward  numbering  of  soil  horizons  through  several 
soils;  an  alternate  numbering  system  for  the  Yarmouth  Soil  would  start  over  again  with  the  first  parent 
material  being  numbered  1,  etc.  See  text  for  a  discussion  of  the  interpretations  of  lithologic  units  and  soil 
horizons.  Note  thick  clay  bulges  for  both  the  Sangamon  Soil  and  the  Yarmouth  Soil.  For  the  Sangamon 
Soil,  the  upward  increase  in  the  coarse  silt  (16  to  31jx)  to  very  coarse  silt  (3 1— 62jjl)  ratio  is  an  indicator 
of  the  presence  of  loess  mixed  into  the  original  parent  material.  No  such  trend  exists  for  the  Yarmouth 
Soil. 
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weathering  of  the  sandstone  suggests  there 
was  pre-loess  weathering,  but  the  matter  can- 
not be  resolved  at  present. 

The  paleosol  that  developed  in  this  un- 
named loess  has  not  previously  been  de- 
scribed thoroughly  even  in  our  own  work. 
Most  of  the  profile  consists  of  a  two-part  B 
horizon.  The  upper  part  is  a  Btb  horizon  of  50 
cm  with  an  average  increase  in  percent  clay 
of  about  18%  clay  and  a  "healed"  granular  or 
blocky  structure.  The  Btb  contains  an  average 
of  about  7%  dolomite;  calcite,  if  ever  present, 
has  been  entirely  leached.  The  dolomite  may 
come  from  the  overlying  units.  Under  the  Btb 
horizon  is  a  BRgb  horizon  of  25  cm  which 
contains  a  much  higher  number  of  rock  frag- 
ments. Both  parts  of  the  B  horizon  are  silty 
(46-73%),  and  the  dominant  hues  are  10  YR 
and  7.5  YR.  There  is  less  than  2%  dolomite 
and  no  calcite.  Some  of  the  matrix  of  the 
BRgb  horizon  is  gray  (gleyed).  This  soil  (and 
obviously  the  loess  parent  material)  is  older 
than  the  middle  Pleistocene  Cagles  Loess; 
they  are  probably  early  Pleistocene  (>  780  ka) 
or  older  but  could  be  early  middle  Pleistocene. 
There  have  been  no  known  attempts  to  di- 
rectly date  either  the  loess  or  the  buried  soil. 

Middle  Pleistocene  (780-300  ka).— The 
earlier  Pleistocene  sediments  and  soil  were 
buried  by  about  0.75  m  of  loess  that  Wayne 
(1958)  named  the  Cagles  Loess  (Fig.  2c).  The 
Cagles  Mill  section  is  its  type  locality.  It 
should  be  noted  that  the  Cagles  Loess  rests 
upon  the  loess  that  is  the  parent  material  for 
Soil  A;  thus,  the  Cagles  Loess  is  younger  by 
an  unknown,  but  probably  extensive,  amount 
of  time.  Time  must  be  allowed  for  the  devel- 
opment of  a  major  soil.  In  contrast,  the  Cagles 
Loess  shows  very  little  evidence  of  weather- 
ing. It  is  a  grayish-brown  silt  with  less  than 
2%  sand  and  no  detectable  coarser  material. 
Carbonates  have  not  been  leached  from  the 
loess  (contains  18-23%  by-weight  total  car- 
bonate), with  dolomite  dominant  over  calcite 
by  a  factor  of  about  4.5. 

The  Cagles  Loess  has  a  very  weakly  de- 
veloped soil  (Soil  B)  consisting  of  an  A  ho- 
rizon of  4  cm  that  contains  snails,  wood,  char- 
coal, and  disseminated  organic  matter 
underlain  by  8  cm  that  has  a  lighter  color  than 
the  loess  below  and  may  represent  an  incipient 
E  horizon.  There  is  no  soil  structure,  buildup 
of  clay,  or  other  evidence  of  pedogenesis.  The 


soil  may  have  developed  over  a  very  short  (a 
few  decades)  time  interval. 

Overlying  the  Cagles  Loess  is  a  discontin- 
uous or  thin  (0-10  cm)  unit  of  light  gray  lam- 
inated lacustrine  clay.  Deposition  was  proba- 
bly in  a  proglacial  lake  that  had  only  a  limited 
lateral  extent;  since  the  unit  is  absent  in  places 
and  pinches  out  to  the  west,  perhaps  the  lake 
was  not  continuous  across  the  area  of  the  Ca- 
gles Mill  exposure.  The  sediments  are  very 
high  in  clay  and  contain  carbonates  but  less 
than  in  the  Cagles  Loess  (about  16%);  dolo- 
mite dominates  over  calcite  by  a  factor  of 
about  2.  There  is  some  charcoal  and  dissem- 
inated organic  matter  but  no  evidence  of  pe- 
dogenesis. 

The  maximum  age  of  the  Cagles  Loess  and 
overlying  lake  sediments  is  about  780  ka,  the 
age  of  the  Brunhes/Matuyama  paleomagnetic 
reversal,  because  both  sediments  have  a  nor- 
mal polarity  (Bleuer  1976).  The  lacustrine 
sediments  are  overlain  by  about  7  m  of  pre- 
Illinoian  till  (Hall  &  Anderson  2000;  and  oth- 
er references)  that  hosts  the  lower  part  of  the 
Yarmouth  Soil.  It  is  probable  that  this  till  cor- 
relates with  either  the  Harmattan  Till  Member 
or  the  Hillery  Till  Member  of  the  Banner  For- 
mation. According  to  Johnson  (1986),  these 
tills  were  deposited  about  500  ka.  It  seems 
likely  that  the  proglacial  till-lacustrine  sedi- 
ments-loess sequence  represents  the  deposits 
of  one  pre-Illinoian  advance  with  the  progla- 
cial lake  sediments  and  loess  being  eventually 
overridden  by  the  glacier.  There  is  a  zone  of 
"sheared  up"  lake  sediments  in  the  till  about 
0.7-1.1  m  above  the  base. 

The  unweathered  pre-Illinoian  till  is  a  dark 
grayish-brown  (10YR4/2)  loam  or  silt  loam 
with  about  7%  gravel.  It  is  massive  and  hard 
and  effervesces  strongly  with  HC1.  Silt  is  the 
dominant  grain  size  (50%),  followed  by  sand 
(30%)  and  clay  (20%).  The  dominant  clay 
mineral  is  illite  (65%),  followed  by  expand- 
able clay  minerals  (25%)  and  kaolinite  plus 
chlorite  (10%). 

The  till  is  overlain  by  about  0.7  m  of  loamy 
sediment  that  hosts  the  upper  part  of  the  Yar- 
mouth Soil.  The  till/loamy  sediment  boundary 
is  sharp.  Above  approximately  0.7  m,  the  silt/ 
sand  ratio  decreases  abruptly,  and  sand  con- 
tinues to  increase  upward.  There  is  no  evi- 
dence, such  as  an  upward  increase  in  coarse 
silt/very  coarse  silt,  to  indicate  that  loess  was 
added  during  pedogenesis.   We  interpret  the 
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sediments  as  either  colluvium  or  vertically-ac- 
creted fluvial  sediments.  They  were  probably 
delivered  to  the  site  during  the  late  Yarmouth- 
ian  as  soil  development  continued. 

Turning  to  the  Yarmouth  Soil,  its  profile 
(Soil  C)  is  very  well-developed  and  is  well- 
oxidized  (yellowish-brown,  10YR5/6)  though 
containing  large  (10—25  cm  across)  krotovina. 
The  profile  was  truncated  into  the  Bt  horizon, 
presumably  by  the  Illinoian  glacier.  The  tex- 
ture varies  from  loam  to  silt  loam.  There  is  a 
moderate  blocky  soil  structure  with  common 
clay  films  on  ped  surfaces.  The  slight  reaction 
to  HC1  throughout  the  B  horizon  is  probably 
due  to  precipitation  of  carbonate  derived  from 
the  overlying  Illinoian  till.  However,  there  is 
a  strong  reaction  at  the  top  of  the  Db  horizon 
reflecting  the  depth  of  leaching  of  primary 
carbonates.  In  comparison  with  the  unweath- 
ered  till  parent  material,  the  Btb  horizon  has 
a  clay  enrichment  of  15%.  The  clay  mineral- 
ogy of  the  Yarmouth  Soil  is  dominated  by  ka- 
olinite,  which  seems  to  be  the  main  weather- 
ing product  as  illite  declines  upward.  Even 
though  truncated,  the  surviving  thickness  of 
the  solum  and  the  other  pedogenic  character- 
istics of  this  soil  are  typical  of  an  interglacial 
soil  developed  under  conditions  of  good 
drainage. 

Illinoian  (300-135  ka). — The  Yarmouth 
Soil  is  overlain  by  about  5  m  of  Illinoian  lodg- 
ment till  (Hall  &  Anderson  2000,  and  other 
references)  that  hosts  the  lower  part  of  the 
Sangamon  Soil  (Soil  D).  The  till  is  probably 
the  Vandalia  Till  Member  of  the  Glassford 
Formation  (Johnson  1986;  Fullerton  1986). 
According  to  Johnson  (1986),  this  formation 
was  deposited  about  190-180  ka.  The  un- 
weathered  Illinoian  till  is  dark  grayish-brown 
(10YR4/2)  loam  with  about  8%  gravel.  It  is 
massive,  hard,  and  effervesces  strongly  with 
HO.  Sand  and  silt  each  comprise  about  40% 
of  this  unit.  Illite  (45%)  is  the  most  abundant 
clay  mineral,  followed  very  closely  (40%)  by 
kaolinite  +  chlorite  (mostly  kaolinite)  and 
15%  expandable  clays.  This  Illinoian  till  has 
similar  physical  properties  to  the  pre-Illinoian 
till  although  it  is  somewhat  sandier  and  has  a 
much  greater  amount  of  kaolinite  and  less  il- 
lite. It  seems  probable  that  much  of  the  kao- 
linite was  incorporated  in  the  till  as  the 
Illinoian  ice  overrode  the  kaolinite-rich  Yar- 
mouth Soil. 

At  a  depth  of  187  cm  the  till  is  overlain  by 


37  cm  of  sandy  gravel  (30%  gravel  by  vol- 
ume) that  changes  abruptly  to  a  somewhat 
gravelly  (5%)  sand  from  150-135  cm.  This 
unit  could  be  an  ablation  till  because  the  ma- 
trix contains  enough  fines  to  be  a  sandy  clay 
loam.  However,  we  believe  these  fines  were 
mostly  introduced  during  pedogenesis  (see  be- 
low). The  recognition  of  a  distinct  sandy  zone 
overlying  a  much  more  gravelly  zone  also  ar- 
gues against  an  ablation  till  origin  and  in  favor 
of  some  form  of  fluvial  deposition.  Probably, 
the  interval  from  187—135  cm  is  Illinoian  out- 
wash  capping  the  lodgment  till.  It  could  also 
be  early  Sangamonian  non-glacial  alluvium, 
but  a  Sangamonian  age  seems  less  likely  be- 
cause the  unit  hosts  the  very  well-developed 
part  of  the  Sangamon  Soil  (see  below). 

Sangamonian  and  Wisconsinan  (135-10 
ka). — Lithologic  complexities:  The  unit  inter- 
preted as  Illinoian  outwash  is  overlain  by  135 
cm  of  sediments  that  decrease  in  sand  and  in- 
crease in  silt  upward  in  the  stratigraphic  sec- 
tion. In  most  of  this  interval  (120—0  cm),  the 
soil  texture  changes  from  loam  to  silt  loam. 
From  135—120  cm  the  texture  is  sandy  clay 
loam  because  of  the  introduction  of  fines  dur- 
ing pedogenesis;  without  the  added  fines,  this 
zone  would  also  probably  be  a  sandy  loam 
(Hall  1999;  Hall  &  Anderson  2000;  and  other 
references).  Within  the  silty  zone  are  detect- 
able parent-material  boundaries  at  depths  of 
120  cm  and  15  cm.  Thus,  there  are  at  least 
five  different  parent  materials  within  the  San- 
gamon Soil  and  younger  welded  soils;  these 
parent  materials  are  at  depths  of  0-15  cm,  15- 
120  cm,  120-135  cm,  135-187  cm  and  below 
187  cm.  We  have  interpreted  the  lowest  two 
of  these  units  as  Illinoian  outwash  over  till, 
but  what  are  the  upper  three  units? 

The  interval  from  120-135  cm  is  a  loamy 
sediment  similar  to  that  which  occurs  in  as- 
sociation with  the  Sangamon  Soil  at  many  lo- 
calities in  southwestern  Indiana  (Hall  1973; 
Harlan  &  Franzmeier  1977;  Norton  &  Franz- 
meier  1978;  Tremicoldi  et  al.  1994).  Both  the 
sand  and  the  silt  may  be  mostly  eolian,  with 
the  sand  mostly  derived  from  local  sources 
(Hall  1973;  Hall  &  Anderson  2000).  That 
much  of  the  silt  is  eolian  in  this  unit  and  also 
in  younger  units  is  suggested  by  the  upward 
increase  in  the  coarse  silt/very  coarse  silt  ra- 
tio. The  sediments  of  the  120-135  cm  interval 
are  probably  late  Sangamonian  but  could  be 
very  early  Wisconsinan.  The  sediments  of  the 
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15-120  cm  interval  are  probably  a  loess,  the 
early  Wisconsinan  Roxana  Silt.  The  loess 
above  15  cm  is  the  late  Wisconsinan  Peoria 
Loess. 

Pedologic  complexities:  The  complexities 
in  the  sediments  in  the  upper  part  of  the  San- 
gamon Soil  are  paralleled  or  exceeded  by 
complexities  in  the  soils.  There  are  probably 
four  soils  that  are  stacked  and  welded.  As 
welding  occurs,  the  horizons  of  former  soils, 
now  buried,  may  be  altered  and  become  ho- 
rizons of  the  younger  soil  (Hall  et  al.  1998; 
Hall  1999;  Hall  &  Anderson  2000,  in  press). 
Thus,  instead  of  the  conventional  approach  of 
describing  a  sequence  of  buried  soils  from 
oldest  to  youngest  (as  followed  earlier  in  this 
paper),  we  believe  that,  because  of  the  over- 
printing of  a  younger  soil  down  into  an  older 
soil,  a  more  logical  approach  is  to  begin  with 
the  surface  soil  and  work  downward  into  the 
Sangamon  Soil  developed  in  Illinoian  lodg- 
ment till. 

The  uppermost  soil  horizon  in  the  exposure 
is  the  Bt  horizon  of  the  surface  soil.  The  land 
surface  slopes  southward  toward  the  top  of  the 
spillway  wall,  and  this  has  caused  erosion  of 
the  A  and  E  horizons,  (and  probably  the  upper 
part  of  the  B  horizon)  of  the  surface  soil.  A 
complete  solum  of  about  1  m  can  be  examined 
by  digging  a  soil  pit  in  flatter  terrain  above 
the  spillway  wall.  In  the  Cagles  Mill  exposure, 
the  interval  from  15-75  cm  is  now  a  transi- 
tional horizon  of  the  surface  soil,  i.e.,  one  in 
which  there  are  both  B-horizon  and  C-horizon 
characteristics.  Because  the  majority  of  its 
characteristics  are  more  B-horizon-like,  it 
should  be  called  a  BC  horizon.  However,  this 
horizon  is  also  an  eluvial  horizon  (has  lost 
clay)  as  part  of  a  fragipan;  as  such,  it  actually 
should  be  designated  an  E'  horizon.  And,  fi- 
nally, this  horizon  was  probably  once  the  A 
horizon  of  the  middle  Wisconsinan  Farmdale 
Soil  before  overprinting  by  the  surface  soil 
(Hall  1999;  Hall  &  Anderson  2000). 

The  interval  from  66-112  cm  is  also  now 
part  of  the  BC  horizon  of  the  surface  soil  and 
an  illuvial  horizon  (B'X)  of  the  fragipan.  In 
addition,  this  horizon  was  also  probably  once 
a  part  of  the  Farmdale  Soil,  perhaps  the  E  ho- 
rizon. The  interval  from  112-135  cm  is  now 
apparently  the  upper  part  of  the  Sangamon 
Soil  (see  below).  However,  this  interval  dif- 
fers significantly  in  grain  size  from  the  un- 
derlying Illinoian  outwash  and  till;  most  likely 


this  sediment  was  deposited  by  eolian  pro- 
cesses during  the  late  Sangamonian  as  soil  de- 
velopment continued.  Because  this  unit  was 
affected  by  pedogenesis,  but  less  so  than  the 
Sangamon  Soil  below,  it  has  sometimes  been 
recognized  as  a  separate  soil,  for  which  we 
use  the  term  Chapin  Soil  of  common  use  in 
Illinois.  In  cumulative  soils,  development  oc- 
curs toward  the  land  surface  as  that  surface  is 
built  up  through  deposition.  A  and  E  horizons 
are  turned  into  B  horizons.  This  is  the  likely 
fate  of  the  interval  from  120-135  cm.  Then, 
the  Chapin-Sangamon  Soil  was  buried  in  the 
early  Wisconsinan  by  the  Roxana  Silt. 

The  Sangamon  soil:  Suppose  that  the  orig- 
inal A  and  E  horizons  of  the  Chapin-Sanga- 
mon Soil  have  by  now  been  completely  con- 
verted to  horizons  of  the  surface  soil  and 
cannot  be  easily  described  as  paleosol  hori- 
zons. If  so,  then  the  characteristics  of  the  San- 
gamon Soil  noted  here  are  for  the  Bt  horizon 
and  underlying  horizons.  Also,  we  note  the 
importance  of  the  parent-material  change  from 
outwash  to  till  at  135  cm.  Like  the  Yarmouth 
Soil,  the  Sangamon  Soil  is  very  well-devel- 
oped and  well-oxidized  (strong  brown, 
7.5YR5/8).  The  texture  of  the  Bt  horizon  is 
sandy  clay  loam  changing  to  loam  in  the  BC, 
CB,  C,  and  D  horizons.  The  Bt  horizon  has  a 
moderate  subangular  blocky  soil  structure 
with  common  clay  films  on  ped  faces.  There 
is  no  carbonate  in  the  profile  until  the  CB  ho- 
rizon at  290  cm.  There  is  a  moderate  reaction 
in  oxidized  till  (C  horizon)  at  420  cm  and  a 
strong  reaction  at  the  top  of  the  D  horizon.  In 
comparison  with  the  unweathered  till  parent 
material,  the  Btb  horizon  has  a  clay  enrich- 
ment of  about  10%. 

The  clay  mineralogy  of  the  Sangamon  Soil 
is  dominated  by  illite  in  the  C  and  D  horizons, 
but  kaolinite  is  about  equally  abundant  in 
most  of  the  B  horizon,  then  increases  some- 
what in  the  upper  Bt  horizon  as  expandable 
clays  also  increase  and  illite  declines.  Much 
of  the  kaolinite  in  this  profile  may  be  inherited 
from  the  parent  material  or,  in  the  case  of  the 
uppermost  horizons,  contributed  from  the  at- 
mosphere as  part  of  an  eolian  influx.  The 
weathering  story  seems  to  be  the  conversion 
of  illite  to  expandable  clays. 

The  characteristics  of  the  Sangamon  Soil 
are  certainly  indicative  of  an  interglacial  soil 
developed  under  good  drainage.  With  trunca- 
tion of  both  the  Yarmouth  Soil  and  the  San- 
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gamon  Soil  profiles,  changes  in  parent  mate- 
rial within  both,  and  soil  welding  (at  least  for 
the  Sangamon  Soil),  it  is  difficult  to  compare 
the  two  interglacial  soils,  but  both  have  sim- 
ilar surviving  thicknesses,  soil  structure,  clay 
enrichment,  and  depth  of  leaching  of  carbon- 
ates. 

Wisconsinan  loesses:  Late  Wisconsinan 
glaciers  reached  their  maximum  extent  17  km 
northeast  of  Cagles  Mill;  the  site  has  not  been 
glaciated  since  the  Illinoian.  However,  the 
lithologic  units  at  the  top  of  the  section  (0— 
66  cm)  are  loesses  whose  presence  can  be  at- 
tributed to  the  pattern  of  loess  distribution  in 
western  Indiana.  The  outwash  on  the  flood 
plains  of  glacial  sluiceway  valleys  are  the  ap- 
parent source  for  loess  that  thins  eastward  and 
also  decreases  in  mean  grain  size  with  dis- 
tance from  the  Wabash  Valley  (Hall  1973;  and 
references  therein)  except  where  other  loess 
sources  (e.g.,  East  and  West  Forks  of  the 
White  River)  are  responsible  for  adding  lo- 
cally to  loess  thickness.  The  nearby  Eel  River 
Valley  probably  served  as  a  local  source  at 
Cagles  Mill. 

The  lower  part  of  the  loess  (25-66  cm)  in 
the  Cagles  Mill  section  is  much  sandier  (Fig. 
2)  than  the  upper  part  (0-25  cm  in  the  section, 
but  ~  1  m  on  flatter  terrain).  The  difference 
in  the  coarse  silt  to  very  coarse  silt  ratio  (csi/ 
vcsi)  is  pronounced.  The  situation  found  here 
is  common  in  western  Indiana  (Hall  1973; 
Hall  &  Anderson  2000):  a  silty  upper  part 
widely  accepted  as  the  late  Wisconsinan  Pe- 
oria Loess  and  a  sandy  (sometimes  called 
"gritty")  lower  part  alternately  interpreted  as 
the  early  Wisconsinan  Roxana  Silt  or  a  sandy 
facies  of  the  Peoria.  In  the  latter  case,  the  sand 
has  been  interpreted  as  eolian  (along  with  the 
silt  component  of  the  sandy  loess),  mixed  up 
from  the  substratum  materials,  or  part  of  or 
derived  from  "pedisediment,"  i.e.,  material 
transported  over  an  erosion  surface  of  regional 
extent.  The  issues  of  origin  of  the  sand  and, 
more  importantly,  age  and  stratigraphic  posi- 
tion of  the  sandy  loess,  remain  unresolved.  We 
and  others  have  documented  the  occurrence  of 
the  Roxana  Silt  elsewhere  in  central  Indiana, 
and  we  believe  it  should  be  present  at  Cagles 
Mill,  particularly  if  the  Eel  River  Valley  was 
available  as  a  source  during  the  early  Wiscon- 
sinan, as  seems  likely. 


CONCLUSIONS 

The  Cagles  Mill  section  reveals  more  about 
the  Pleistocene  history  of  central  Indiana  than 
other  stratigraphic  sections  we  have  studied. 
Lithologic  units  can  be  related  directly  or  in- 
directly with  the  Wisconsinan,  Illinoian,  and 
probably  two  pre-Illinoian  glaciations.  Near 
the  base  of  the  exposure,  loess  mixed  with 
residuum  was  weathered  into  a  well-devel- 
oped soil.  This  soil  probably  reflects  soil  de- 
velopment under  interglacial  conditions  that 
followed  deposition  of  the  loess  during  an  ear- 
ly Pleistocene  glaciation.  Deposition  of  the 
Cagles  Loess,  thin  glaciolacustrine  beds,  and 
a  thick  lodgment  till  occurred  during  a  second 
pre-Illinoian  glaciation.  Loamy  sediment 
above  this  pre-Illinoian  till  probably  repre- 
sents colluvium  or  vertically  accreted  depos- 
its. Accretion  probably  coincided  with  the  de- 
velopment of  the  Yarmouth  Soil,  with  the 
profile  extending  into  the  underlying  till. 

A  second  lodgment  till  was  deposited  dur- 
ing the  Illinoian;  it  was  buried  by  a  thin  unit 
of  either  ablation  till  or  outwash  before  for- 
mation of  the  Sangamon  Soil  began.  In  the 
late  Sangamonian,  a  loamy  unit  was  added 
during  pedogenesis;  it  is  probably  of  eolian 
origin.  This  unit  contains  the  late  Sangamon 
or  Chapin  Soil,  which  is  welded  to  the  San- 
gamon Soil.  During  the  early  Wisconsinan, 
the  "gritty"  Roxana  Silt  was  deposited,  and 
during  the  middle  Wisconsinan,  the  Farmdale 
Soil  formed  in  the  Roxana  Silt  and  welded  to 
the  Chapin-Sangamon  Soil.  The  last  deposi- 
tion in  the  section  was  the  late  Wisconsinan 
Peoria  Loess  in  which  the  surface  soil  formed 
and  was  welded  to  the  older  soils. 

The  Yarmouth  Soil  and  the  Sangamon  Soil 
are  both  very  well-developed,  as  would  be  ex- 
pected of  interglacial  soils.  Cagles  Mill  re- 
mains an  excellent  location  to  study  the  his- 
tory of  the  Pleistocene  in  Indiana. 
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THE  NEW  HARMONY  GROUP  (LOWER  DEVONIAN) 

REVISITED 

John  B.  Droste  and  Alan  S.  Horowitz1:     Department  of  Geological  Sciences,  Indiana 
University,  1005  East  10th  Street,  Bloomington,  Indiana  47405 

ABSTRACT.  The  New  Harmony  Group  is  present  only  in  the  subsurface  of  southwestern  Indiana, 
contains  in  ascending  order  the  Grassy  Knob  Chert,  The  Backbone  Limestone,  and  the  Clear  Creek  Chert, 
and  ranges  in  thickness  from  zero  at  its  eroded  limit  to  almost  900  feet  (820  m).  This  study  uses  more 
than  six  times  the  control  previously  reported,  yet  the  pattern  of  thickness  variation  shown  herein  differs 
modestly  from  that  shown  on  previous  maps.  The  most  significant  difference  is  the  position  of  the  zero 
thickness  line  (the  erosional  limit)  of  the  group. 

Keywords:     Devonian,  New  Harmony  Group,  subsurface  Indiana 


Collinson  et  al.  (1967)  were  the  first  to  rec- 
ognize Lower  Devonian  rocks  in  the  subsur- 
face of  Indiana,  and  Becker  (1974)  produced 
the  first  maps  showing  the  distribution  of 
these  formations  in  the  subsurface  of  south- 
western Indiana.  Becker's  report  utilized  the 
data  from  eight  deep  test  wells  in  southwest- 
ern Indiana  and  from  one  deep  test  well  in 
White  County,  Illinois  (a  few  miles  (km)  west 
of  the  Indiana-Illinois  state  line),  to  establish 
the  approximate  boundaries  of  the  Lower  De- 
vonian formations  in  Indiana. 

The  name  New  Harmony  Group  was  pro- 
posed by  Becker  &  Droste  (1978)  to  include 
the  Grassy  Knob  Chert,  Backbone  Limestone, 
and  Clear  Creek  Chert  (Fig.  1),  which  com- 
prise the  Lower  Devonian  Series  of  the  sub- 
surface in  southwestern  Indiana.  Becker  & 
Droste  (1978)  used  data  from  approximately 
60  wells  in  Indiana,  characterized  several 
types  of  Lower  Devonian  limestones  from 
thin-section  study  of  samples  from  White 
County,  Illinois  core  (Superior  No.  C-17 
Ford),  and  described  the  facies  relationships 
among  the  three  formations  of  the  New  Har- 
mony Group.  Droste  &  Shaver  (1987),  using 
data  from  1 10  wells,  expanded  the  earlier 
study  by  Becker  &  Droste  (1978)  to  show  the 
distribution  of  the  New  Harmony  Group  in  the 
central  Illinois  Basin  throughout  Indiana,  Il- 
linois, and  Kentucky.  The  map  illustrating  the 
thickness  of  the  New  Harmony  Group  (Droste 

1  Deceased. 


&    Shaver    1987,    fig.    6)    was    subsequently 
slightly  modified  by  Rupp  (1991,  fig.  21). 

The  purpose  of  the  present  report  is  to  up- 
date the  thickness  distribution  of  the  New 
Harmony  Group  in  the  subsurface  of  Indiana 
through  the  use  of  data  from  many  new  wells. 
The  control  for  the  present  study  is  based  on 
data  from  430  wells  in  Indiana  (Fig.  2).  Most 
of  the  new  control  is  from  wells  where  the 
New  Harmony  Group  is  less  than  300  feet 
(270  m)  thick.  Only  five  of  the  new  wells, 
which  have  been  drilled  since  1987  and  which 
penetrate  rocks  older  than  the  New  Harmony 
Group,  provide  additional  control  in  areas 
where  the  New  Harmony  is  greater  than  300 
feet  (270  m)  thick.  Almost  all  the  new  control 
wells  have  been  logged  (principally  electric 
logs)  and  have  samples  for  study  on  file  at  the 
Indiana  Geological  Survey. 

STRATIGRAPHY 

The  stratigraphy  of  the  New  Harmony 
Group  remains  the  same  as  that  presented  by 
Droste  &  Shaver  (1987)  where  interested 
readers  will  find  more  extensive  details  than 
are  summarized  below.  The  New  Harmony 
Group  generally  includes,  in  ascending  order, 
the  Grassy  Knob  Chert,  Backbone  Limestone, 
and  Clear  Creek  Chert  (Fig.  1 ).  The  group 
consists  of  two  basic  facies  of  variably  col- 
ored, mainly  light  brown  and  light  gray  to 
white  carbonate  rocks.  The  basinward  (west- 
ern) facies  is  very  fine-grained  to  medium- 
grained,  sparsely  cherty  limestone  and  dolo- 
mite to  almost  pure  chert  and  represents  the 
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Figure  1 . — Chart  showing  stratigraphic  nomenclature  used  in  this  report.  Modified  from  Becker  & 
Droste  (1978)  and  Droste  &  Shaver  (1987).  Abbreviations:  LS  =  limestone,  DOL  =  dolomite,  SH  = 
shale,  FM  =  formation. 
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Figure  2. — Map  showing  the  study  area  and  the  location  of  wells  used  in  this  study.  Dots  show  locations 
of  wells  in  which  total  depth  is  in  Silurian  or  older  rocks.  Crosses  show  location  of  wells  in  which  total 
depth  is  within  rocks  of  the  New  Harmony  Group.  The  star  marks  the  location  of  the  Superior  #C17  Ford 
well  (see  text). 


Grassy  Knob  and  Clear  Creek  Cherts.  The  ba- 
sin-margin (eastern)  facies  is  very  light  col- 
ored medium-  to  coarse-grained  high-purity 
biolclastic  limestone  and  dolomite  of  the 
Backbone  Limestone.  Each  facies  contains 
tongues  of  the  other  facies.  An  artibrary  ver- 
tical cutoff  is  used  to  separate  the  Grassy 
Knob  Chert  from  the  Backbone  Limestone. 
The  formational  cutoff  is  defined  as  the  basin- 


most  extent  of  the  lowest  tongue  of  the  Back- 
bone-like lithology.  The  Backbone-Clear 
Creek  contact  is  placed  at  the  change  from 
coarser-grained  and  purer  carbonate  rocks  be- 
low (Backbone  facies)  to  finer  grained  and 
somewhat  cherty  carbonate  rocks  above 
(Clear  Creek  facies). 

In  southwesternmost  Indiana  (Posey  Coun- 
ty), the  New  Harmony  is  probably  conform- 
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Figure  3. — Map  showing  the  thickness  of  the  New  Harmony  Group  in  Indiana.  Contour  interval  =  100 
feet  (91  m). 


able  with  Silurian  rocks  below  and  Middle 
Devonian  (Jeffersonville  Limestone)  rocks 
above.  Elsewhere  in  Indiana,  the  upper  and 
lower  contacts  of  the  New  Harmony  are  un- 
conformable to  Silurian  rocks  below  and  Mid- 
dle Devonian  rocks  above. 

In  Indiana  the  New  Harmony  is  present 
only  in  the  subsurface  of  Indiana  and  ranges 
in  thickness  from  0  at  its  eroded  limit  to  al- 
most 900  feet  (820  m)  in  southwesternmost 
Posey    County    (Fig.    3).    Certainly    the    zero 


thickness  line  (Fig.  3)  represents  eastward  pre- 
Middle  Devonian  erosional  truncation.  Like- 
wise, the  limit  line  of  the  Clear  Creek  Chert 
(Fig.  3)  also  represents  eastward  pre-Middle 
Devonian  erosional  truncation.  Our  new  con- 
trol does  not  significantly  modify  the  paleoen- 
vironmental  patterns  of  sedimentation  during 
Early  Devonian  time  as  interpreted  by  Droste 
&  Shaver  (1987,  p.  21,  figs.  11C,  D,  &  E). 

The  pattern  of  thickness  of  the  New  Har- 
mony shown  here  (Fig.  3)  differs  from  that 
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shown  on  previous  maps  (Rupp  1991,  p.  45, 
fig.  21;  Droste  &  Shaver  1987,  p.  10,  fig.  6) 
in  two  significant  details.  Based  on  sample 
studies  from  wells  in  northeastern  Pike,  north- 
western Dubois,  and  southern  Daviess  Coun- 
ties, the  area  of  thin  New  Harmony  centered 
in  northeastern  Pike  County  on  the  earlier 
maps,  is  not  confirmed  by  our  work.  Secondly, 
the  zero  thickness  line,  i.e.,  the  eroded  limit 
line  (Fig.  3)  that  we  show  is  different  from 
the  zero  thickness  line  on  both  previous  maps. 
The  position  of  the  eroded  limit  (zero  thick- 
ness line)  of  the  New  Harmony  rocks  certainly 
will  change  with  future  drilling.  We  believe 
that  the  zero  thickness  of  the  group  is  a  much 
more  irregular  line  than  we  depict  (Fig.  3). 
Additionally,  we  expect  that  the  eroded  limit 
of  the  Clear  Creek  Chert  (Fig.  3)  will  become 
more  irregular  with  control  from  future  dril- 
ling; and,  because  we  present  little  additional 
data  in  areas  where  the  New  Harmony  Group 
is  thicker  than  300  feet  (270  m),  deeper  dril- 
ling in  Gibson,  Warrick,  Vanderburgh,  and  Po- 
sey Counties  may  yield  significant  variation 
in  the  thickness  pattern  we  show  (Fig.  3). 

SUMMARY 

Although  this  report  utilizes  more  than  six 
times  the  number  of  wells  used  in  two  earlier 
reports  (Becker  &  Droste  1989;  Droste  & 
Shaver  1987)  only  modest  variations  in  thick- 
ness interpretations  have  been  introduced.  The 
general  stratigraphic  framework  for  the  New 
Harmony  Group  in  the  subsurface  of  Indiana 
remains  unchanged  from  earlier  reports.  The 
great  majority  of  the  new  control  wells  are 
located  where  the  group  is  less  than  300  feet 
(270  m)  thick,  and  so  it  follows  that  the  dif- 
ferences from  earlier  reports  occur  in  the  area 


of  more  severe  pre-Middle  Devonian  erosion- 
al  truncation. 
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ABSTRACT.  The  UV- Visible  absorption  spectra  of  free-base  and  nickel  porphyrins  have  been  investi- 
gated in  binary  mixtures  of  solvents  with  similar  polarities  and  dissimilar  refractive  indices.  The  Soret 
band  energies  of  five  porphyrins  show  significant  correlations  (|r|  =  0.98  to  >  0.99)  with  respect  to  the 
Lorentz-Lorenz  function  of  the  refractive  index  of  the  solvent  mixture  for  ethyl  acetate  -  chlorobenzene 
and  ether  -  anisole  mixtures.  These  correlations  indicate  a  specific  dependence  of  the  porphyrin  ir*  <^  it 
transition  energies  on  the  solvent  polarizability,  in  contrast  to  the  conclusions  from  a  study  using  solvents 
across  different  classes  (O.W.  Kolling,  J.  Phys.  Chem.  1989,  93:3436),  and  in  agreement  with  the  conclu- 
sions of  a  study  using  /7-alkanes  (I.  Renge,  /.  Phys.  Chem.  1993,  97:6582). 

Keywords:     Porphyrins,  solvent  effects,  transition  energies 


Porphyrins  are  highly-absorbing  conjugated 
macrocycles  which  serve  a  variety  of  essential 
functions  in  biologically  active  molecules 
such  as  chlorophyll,  heme  proteins  and  cyto- 
chromes; and  which  have  a  range  of  medici- 
nal, industrial  and  scientific  uses.  For  these 
reasons,  the  mechanisms  by  which  porphyrins 
respond  spectroscopically  to  various  condi- 
tions and  modifications  have  long  been  of  vi- 
tal interest  to  spectroscopists  (Gouterman 
1978).  For  example,  the  UV- Visible  it*  «-  it 
transition  energies  of  porphyrins  and  metal- 
loporphyrins  have  been  shown  to  be  sensitive 
to  several  properties  of  solvent  environments 
(Nalliah  1995;  Wicks  1994;  Renge  1993; 
Findsen  et  al.  1988;  Nappa  &  Valentine  1978; 
Seely  &  Jensen  1965;  Weiss  1972).  Further 
characterization  of  the  response  of  these  bands 
to  specific  solvent  properties  is  expected  to 
enhance  the  use  of  porphyrins  and  metallo- 
porphyrins  as  spectroscopic  probes  for  com- 
plex systems  such  as  micelles,  sol-gels,  and 
environments  in  proteins  and  DNA.  These 
types  of  studies  also  have  potential  uses  for 
industrial  applications  such  the  use  of  porphy- 
rins as  photon  absorbers  in  polymer  thin  films 
to  provide  protection  from  laser  radiation 
(Sayo  et  al.  1999,  Trantolo  et  al.  1998).  In 
such  cases,  the  environment  of  the  porphyrin 
can  be  used  to  fine-tune  the  absorption  wave- 
lengths. 

Solvent  effects  on  the  UV-Visible  absorp- 
tion spectra  of  several  types  of  porphyrins  and 


metalloporphyrins  have  been  investigated  pre- 
viously in  limited  solvent  sets  (Nalliah  1995; 
Wicks  1994;  Renge  1993;  Renge  1991;  Find- 
sen  et  al.  1988;  Nappa  &  Valentine  1978; 
Weiss  1972;  Seely  &  Jensen  1965).  Porphyrin 
band  energies  have  been  found  to  respond  to 
the  polarizability  of  the  solvent  (Nalliah  1995; 
Wicks  1994;  Renge  1993;  Renge  1991)  indi- 
cated by  a  function  of  the  refractive  index 
such  as  the  Lorentz-Lorenz  function  and,  to  a 
limited  extent,  the  polarity  of  the  solvent  (Nal- 
liah 1995;  Kolling  1989;  Findsen  et  al.  1988; 
Nappa  &  Valentine  1978)  indicated  by  a  func- 
tion of  the  dielectric  constant  or  other  solvent 
parameters.  Kolling  analyzed  the  Soret  band 
energies  of  nickel  protoporphyrin  IX  dimethyl 
ester  in  a  set  of  16  solvents  with  varying  po- 
larities and  varying  polarizabilities  and  con- 
cluded, by  grouping  solvents  according  to  the 
Chastrette-Purcell  generalized  classification 
system,  that  the  dependence  of  the  Soret  band 
energies  upon  solvent  polarizability  effects  is 
insignificant  (Kolling  1989).  However,  a  more 
clear-cut  distinction  of  the  response  to  specific 
solvent  properties  can  be  obtained  by  using 
solvent  sets  which  have  one  solvent  property 
varied  at  a  time.  Renge  studied  the  spectral 
responses  of  porphyrins  in  a  series  of  non- 
polar  fz-alkanes  which  vary  in  refractive  in- 
dex, and  characterized  a  definite  dependence 
of  the  absorption  band  energies  upon  the  po- 
larizability of  the  solvent  (Renge  1993;  Renge 
1991).  This  study  extends  these  investigations 
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to  other  types  of  solvents  by  using  binary 
mixtures  of  solvents  with  similar  polarity  pa- 
rameters and  dissimilar  polarizability  param- 
eters, and  systematically  varying  the  compo- 
sition of  the  mixture. 

An  occurrence  which  becomes  pronounced 
in  certain  mixed  solvent  systems  is  preferen- 
tial solvation,  in  which  the  solute  is  in  contact 
with  one  solvent  to  a  greater  extent  than  the 
other.  This  phenomenon  has  been  modeled  ex- 
tensively based  on  studies  of  betaine  dyes 
(Laha  et  al.  1996;  Banerjee  et  al.  1995;  Daw- 
ber  et  al.  1988)  and  fluorophores  (Acree  et  al. 
1994;  Acree  et  al.  1993).  When  preferential 
solvation  becomes  evident  based  on  nonlinear 
spectral  responses  to  solvent  composition 
(Dawber  et  al.  1988),  it  complicates  the  char- 
acterization of  the  solvent  response  to  the  po- 
larizability of  the  mixture.  However,  solvent 
systems  which  exhibit  preferential  solvation 
could  be  used  to  model  the  inner-sphere  sol- 
vent structures  around  the  porphyrin  macro- 
cycle. 

In  this  study,  the  responses  of  the  porphyrin 
77*  <—  tt  transition  energies  were  investigated 
with  respect  to  changes  in  the  composition  of 
binary  solvent  mixtures,  using  nickel  and  free- 
base  porphyrins  with  several  different  periph- 
eral substituents.  For  mixtures  in  which  pref- 
erential solvation  is  not  significant,  the 
responses  of  the  absorption  band  energies 
were  investigated  with  respect  to  functions  of 
the  solvent  mixture  refractive  index  which  re- 
late to  the  polarizability  of  the  solvent  envi- 
ronment. These  results  allow  an  empirical  ver- 
ification of  solvent  effects  proposed  by 
previous  studies  based  on  sets  of  pure  solvents 
(Nalliah  1995;  Wicks  1994;  Renge  1993; 
Renge  1991). 

METHODS 

Octaethylporphyrin  (H2OEP),  nickel  octa- 
ethylporphyrin  (NiOEP),  and  tetraphenylpor- 
phyrin  (H2TPP)  were  obtained  from  Aldrich 
and  used  as  received.  Protoporphyrin  IX  di- 
methyl ester  (H2PPDME)  and  nickel  tetra- 
phenylporphyrin  (NiTPP)  were  obtained  from 
Porphyrin  Products  and  Acros,  respectively, 
and  used  as  received.  Acetonitrile,  chloroben- 
zene,  ethyl  acetate,  ether  (all  spectrophoto- 
metric  grade);  nitrobenzene  (A.C.S.  reagent 
grade);  and  anisole  (anhydrous)  were  pur- 
chased from  Aldrich  and  used  as  received.  Bi- 
nary solvent  mixtures  were  made  volumetri- 


cally  using  pipets.  UV-Visible  absorption 
spectra  were  obtained  with  a  Perkin  Elmer 
Lambda  3A  spectrophotometer  having  a  band- 
pass of  2  nm  or  less,  using  10  mm  and  1  mm 
glass  cuvettes.  Porphyrin  concentrations  were 
adjusted  to  give  band  absorption  readings  of 
1 .0  absorbance  unit  or  less  ( 10%  transmittance 
or  greater)  in  order  to  ensure  sufficient  trans- 
mitted beam  intensities  for  reliable  detection. 
All  spectra  were  blank-corrected  with  an  iden- 
tical solvent  mixture  and  wavelength-correct- 
ed based  on  the  emission  lines  of  the  D2  lamp 
at  656.1  and  486.0  nm.  A  12-bit  Serial  Box 
Interface  manufactured  by  Vernier  Software 
was  used  to  digitize  the  voltage  signals  from 
the  spectrophotometer.  Data  were  sent  to  a 
personal  computer  through  a  serial  port  and 
acquired  with  Logger  Pro  data  acquisition 
software  (Vernier  Software).  Data  points  were 
taken  at  intervals  of  0.25  nm.  Wavelengths  of 
the  digitized  data  were  assigned  using  a  cali- 
bration macro  in  Microsoft  Excel.  Refractive 
indices  of  the  solvent  mixtures  were  measured 
using  an  Abbe  C-10  refractometer  with  a  pre- 
cision of  ±  0.0003  unit.  Errors  in  refractive 
index  measurements  caused  by  evaporation  of 
the  more  volatile  solvent  were  quantified  as 
described  in  the  Results  section.  Refractive  in- 
dices and  spectra  were  obtained  at  ambient 
temperatures  of  20  ±  1°  C. 

RESULTS  AND  DISCUSSION 

Table  1  shows  selected  solvent  parameters 
for  the  solvent  pairs  used  for  the  binary  mix- 
tures. The  solvents  in  each  pair  were  chosen 
to  have  significant  differences  in  parameters 
related  to  polarizability  (refractive  index,  po- 
larizability, molar  refraction)  and  similar  po- 
larity parameters  (dielectric  constant,  dipole 
moment).  The  solvent  pairs  were  chosen  from 
solvents  which  dissolve  porphyrins  having  a 
variety  of  peripheral  substituents,  and  which 
are  non-coordinating  for  the  metalloporphy- 
rins  (nickel  porphyrins)  used  in  this  study. 

The  UV-Visible  absorption  spectra  of  the 
free-base  porphyrins  H2PPDME,  H2OEP,  and 
H2TPP,  and  the  metalloporphyrins  NiOEP  and 
NiTPP,  were  obtained  as  a  function  of  solvent 
composition  for  each  of  the  two  binary  sol- 
vent mixtures.  The  absorption  spectra  of  free- 
base  porphyrins  contain  a  strong  Soret  band 
in  the  blue  region  and  four  weaker  Q  bands 
in  the  visible  region,  while  the  absorption 
spectra  of  metalloporphyrins  typically   show 
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Figure  1 . — Soret  band  energies  vs.  the  Lorentz-Lorenz  function  of  refractive  index  for  porphyrins  in  ethyl 
acetate  -  chlorobenzene  mixtures  and  ether  -  anisole  mixtures.  Error  bars  indicate  possible  errors  in  refractive 
index  measurements  caused  by  evaporation  of  the  more  volatile  solvent,  as  described  in  the  text. 


only  two  Q  bands  (the  a  and  (3  bands)  in  ad- 
dition to  the  strong  Soret  band. 

Table  2  shows  the  correlation  coefficients 
for  the  Soret  band  energies  with  respect  to  the 
solvent  refractive  index  for  the  ethyl  acetate  — 
chlorobenzene  and  ether  —  anisole  mixtures, 
and  with  respect  to  two  functions  of  refractive 
index  which  have  been  related  to  polarizabil- 
ity  (Renge  1993;  Renge  1991).  The  Soret 
band  energies  show  pronounced  linear  trends 
with  respect  to  the  refractive  index  of  the  sol- 
vent mixtures,  with  correlation  coefficient  (|r|) 
values  rounding  to  0.98  or  greater.  Very  sim- 
ilar correlation  coefficients  are  found  with  re- 
spect to  functions  of  refractive  index  (specif- 
ically, the  Lorentz-Lorenz  function  4>{n2)  = 
(n2-\)l(n2  +  2)  and  the  function  f(n2)  = 
(n2—  \)/(2n2+  1))  which  are  used  in  the  Bakh- 
shiev  and  Bayliss  equations  (Bakhshiev  1972; 
Bayliss  1950)  to  relate  electronic  transition 
energies  to  solute-solvent  dispersion  interac- 


tions and  solvent  polarizability  effects  (Renge 
1991).  The  Lorentz-Lorenz  function  is  one  of 
the  most  commonly-used  functions  relating 
solvent  refractive  index  to  polarizability 
(Renge  1993;  Kolling  1989).  Figure  1  shows 
plots  of  the  energies  of  the  porphyrin  Soret 
bands  vs.  the  Lorentz-Lorenz  function  of  the 
solvent  mixture  refractive  index  for  the  ethyl 
acetate  -  chlorobenzene  and  ether  -  anisole 
mixtures. 

Since  band  shifts  caused  by  slight  system- 
atic solvent  polarity  changes  are  not  ruled  out 
in  mixed-solvent  systems,  a  causal  relation- 
ship between  the  changes  in  the  solvent  po- 
larizability and  the  observed  Soret  band  shifts 
must  be  established.  First,  if  the  observed  So- 
ret band  shifts  were  caused  primarily  by  small 
changes  in  solvent  polarity  rather  than  by 
changes  in  solvent  polarizability,  Fig.  1  would 
show  opposite  slopes  for  ethyl  acetate  —  chlo- 
robenzene and  ether  -  anisole  mixtures,  since 
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Table  1 . — Polarizability  and  polarity  parameters  for  solvents  used  in  this  study.  Solvents  are  grouped 
according  to  the  binary  mixtures  used.  '  Refractive  index  values  from  Reichardt,  C.  Solvents  and  Solvent 
Effects  in  Organic  Chemistry,  Second  Edition;  VCH:  New  York,  1990.  b  Percentage  of  the  total  estimated 
range  for  common  liquids  spanned  by  the  given  solvent  pair,  for  the  parameter  in  the  previous  column. 
Total  estimated  ranges  were  taken  from  minimum  and  maximum  values  in  literature  tables  for  each 
parameter.  A  =  100%  X  (parameter  difference  for  solvent  pair)/(estimated  parameter  range).  c  Average 
electric  dipole  polarizabilities  from  The  CRC  Handbook  of  Chemistry  and  Physics,  72nd  ed.;  Lide,  D.R.. 
Ed.;  CRC  Press:  Boca  Raton,  1992.  d  From  Schaeffer,  CD.,  Jr.;  Strausser,  C.A.;  Thomsen,  M.W.;  Yoder, 
C.H.  (1989).  Data  for  General,  Organic,  and  Physical  Chemistry  [Online].  Available:  http://wulfen- 
ite.fandm.edu/Data%20/Table_26.html  [2000,  June  7].  L'  Dielectric  constants  (relative  permittivities)  for  the 
pure  liquids  at  25  °C  from  Reichardt,  C.  Solvents  and  Solvent  Effects  in  Organic  Chemistry,  Second 
Edition;  VCH:  New  York,  1990.  'For  the  solution  dipole  moments,  temperatures  range  from  16-25  °C. 
Measurements  apply  to  either  neat  liquids  or  benzene  solutions.  g  Dipole  moments  in  Debyes  from  Eange's 
Handbook  of  Chemistry,  14lh  ed.;  Dean,  J. A.,  Ed.;  McGraw  Hill:  New  York,  1992. 
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the  solvent  polarity  parameters  decrease 
slightly  with  increasing  refractive  index  for 
the  former,  but  increase  slightly  with  increas- 
ing refractive  index  for  the  latter  (Table  1 ). 
Second,  the  Soret  band  shifts  of  3-8  nm  (with 
an  average  shift  of  5.5  nm)  observed  in  this 
study  for  solvent  refractive  index  changes  of 
0.15—0.16  unit  compare  well  in  magnitude  to 
the  study  by  Renge  of  H2TPP  in  a  series  of 
non-polar  /z-alkanes  in  which  a  Soret  band 
shift  of  3  nm  was  observed  for  a  refractive 
index  change  of  0.08  unit  (Renge  1991).  Hy- 
drogen bonding  effects  are  highly  unlikely  for 
all  solvents  in  this  study.  Therefore  the  ob- 
served Soret  band  shifts  can  be  attributed 
mainly  to  changes  in  the  solvent  polarizabili- 
ty. 

Error  bars  in  Fig.  1  depict  possible  errors 
in  experimental  refractive  index  measure- 
ments caused  by  evaporation  of  the  more  vol- 
atile solvent  during  the  measurement,  the 
magnitude  of  each  error  bar  having  been  cal- 
culated by  assuming  the  actual  refractive  in- 
dex of  the  mixture  to  be  a  linear  function  of 
solvent  volume  percent.  As  shown  in  Fig.  1, 
the  measured  refractive  indices  of  the  ether  - 
anisole  mixtures  at  intermediate  compositions 
have  the  most  pronounced  systematic  devia- 
tions from  the  expected  values.  Nevertheless, 
these  experimental  deviations  change  the  cor- 
relation coefficients  in  Tables  2  and  3  by  less 


than  0.01  for  the  Soret  and  Qy  bands,  and  by 
less  than  0.04  for  the  less  highly-correlated  Qx 
bands.  The  deviations  in  refractive  index  at- 
tributed to  preferential  evaporation  for  the  eth- 
yl acetate  -  chlorobenzene  mixtures  are  sig- 
nificantly less  than  for  the  ether  -  anisole 
mixtures,  as  shown  by  the  error  bars  in  Fig.  1 . 
In  addition  to  the  Soret  band  energies,  the 
energies  of  several  porphyrin  Q  bands  also 
show  correlations  with  respect  to  the  refrac- 
tive index  of  the  ethyl  acetate  -  chlorobenzene 
and  ether  —  anisole  mixtures  (Table  3).  In  ac- 
cordance with  Renge,  we  have  observed  that 
the  Q  bands  undergo  smaller  shifts  with  re- 
spect to  solvent  refractive  index  than  do  the 
Soret  bands  (Renge  1993).  Renge  has  attri- 
buted the  shifts  of  the  porphyrin  it*  <—  tt  band 
energies  with  respect  to  solvent  refractive  in- 
dex largely  to  the  increase  in  polarizability  of 
the  porphyrin  electronic  excited  state  with  re- 
spect to  the  ground  state,  which  becomes  larg- 
er with  increasing  transition  energy  and  inten- 
sity (Renge  1993;  Renge  1991).  Therefore  the 
Q  bands,  having  lower  transition  energies  and 
intensities,  should  be  less  responsive  to  chang- 
es in  solvent  refractive  index  than  the  Soret 
band;  and  the  Qx  bands  should  be  less  respon- 
sive to  solvent  refractive  index  than  the  Qy 
bands  for  the  same  reason.  Accordingly,  for 
the  free-base  porphyrins  in  this  study,  the  Qy 
bands  show  substantially  higher  correlations 
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Table  2. — Correlation  coefficients  of  Soret  band  energies  with  respect  to  polarizability  functions  of  the 
solvent  refractive  index  in  binary  solvent  systems.  The  sign  of  the  correlation  coefficient  indicates  the 
sign  of  the  slope.  a  Lorentz-Lorenz  function  cj)(«2)  =  (n2  —  \)/(n2  +  2).  b  f(n2)  =  (n2  —  \)l(2n2  +  1). 
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-0.996 
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-0.996 
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-0.996 
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-0.992 
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-0.996 

-0.985 

-0.984 

-0.983 
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-0.996 

-0.997 

-0.997 

-0.984 

-0.982 

-0.979 

NiTPP 

-0.995 

-0.996 

-0.997 

-0.997 

-0.996 

-0.996 

(|r|  =  0.94  or  greater)  with  respect  to  solvent 
refractive  index  than  the  Qx  bands,  with  the 
Qx  bands  also  showing  inconsistencies  in  the 
signs  of  the  slopes,  as  indicated  by  the  signs 
of  the  correlation  coefficients  in  Table  3.  The 
poorer  correlations  of  the  Qx  band  energies 
observed  in  this  study  with  respect  to  solvent 
refractive  index  are  likely  to  be  caused  in  part 
by  instrumental  limitations  in  observing  small 
band  shifts,  and  may  be  also  related  to  the 
relative  magnitudes  of  the  electronic  interac- 
tions which  influence  these  bands.  The  anom- 
alously positive  slopes  of  several  of  the  Qx 
band  energies  with  respect  to  solvent  refrac- 
tive index  in  the  ether— anisole  mixtures  are 
most  likely  to  be  caused  by  slight  solvent  po- 
larity effects  (resulting  from  the  small  polarity 
differences  between  solvents  in  the  mixture) 
canceling  the  small  polarizability  effects  on 
the  Qx  bands  (Renge  1993). 

In  this  study,  only  band  maxima  were  re- 
corded; and  band  widths  and  asymmetry  were 
not  taken  into  account.  Therefore  it  is  possible 
that  the  band  shifts  may  be  reflecting  a  com- 


bination of  solvent  effects,  including  small 
amounts  of  dimerization  in  certain  solvents. 
These  combined  solvent  effects  may  also  con- 
tribute to  deviations  from  linearity  with  re- 
spect to  solvent  polarizability  functions. 

The  occurrence  of  preferential  solvation  of 
a  solute  in  a  solvent  mixture  may  be  deter- 
mined based  on  the  curvature  of  the  band  en- 
ergies with  respect  to  the  solvent  mole  frac- 
tion (Dawber  et  al.  1988).  In  the  ethyl  acetate 
-  chlorobenzene  and  ether  -  anisole  mixtures, 
the  Soret  band  energies  show  linear  trends 
with  respect  to  the  solvent  mole  fraction,  with 
\r\  values  of  0.99.  Although  very  slight  cur- 
vature is  discernable  in  plots  of  the  Soret  band 
energies  vs.  solvent  mole  fraction  for  the  ethyl 
acetate  —  chlorobenzene  mixtures,  the  linear 
trends  indicate  that  preferential  solvation  has 
either  a  slight  or  negligible  effect  in  the  ethyl 
acetate  -  chlorobenzene  and  ether  -  anisole 
mixtures. 

Porphyrin  absorption  spectra  were  also  ob- 
tained in  acetonitrile  —  nitrobenzene  mixtures. 
Plots  of  porphyrin  band  energies  vs.  solvent 


Table  3. — Correlation  coefficients  of  Q-band  energies  with  respect  to  the  solvent  refractive  index  in 
binary  solvent  systems.  The  sign  of  the  correlation  coefficient  indicates  the  sign  of  the  slope.  See  text  for 
explanation  of  positive  slopes. 


Ethyl  acetate- 

-Chlorobenzene 

Ether- 

-Anisole 

Qy(0,l) 

Qy(0,0) 

Qx(0,i) 

Qx(0,0) 

0,(0,1) 

Qy(0,0) 

QX(0,1) 

Qx(0,0) 

H2OEP 
H2TPP 
H2PPDME 

-0.987 
-0.941 
-0.959 

-0.990 
-0.991 
-0.973 

-0.852 
-0.917 
-0.864 

-0.776 
-0.963 
-0.870 

-0.987 
-0.996 
-0.980 

-0.986 
-0.995 
-0.989 

0.858 

-0.749 

0.616 

0.901 
-0.691 

0.767 

NiOEP 

Q(0,1) 
-0.986 

Q(0,0) 
-0.977 

Q(0,1) 
-0.945 

Q(0,0) 
-0.901 

NiTPP 

Q 

-0.958 

Q 

-0.964 

AKERS  ET  AL.— SOLVENT  EFFECTS  ON  PORPHYRINS 


33 


mole  fraction  in  these  mixtures  showed  pro- 
nounced curvature;  however,  spectral  evi- 
dence indicated  that  the  curvature  could  have 
been  at  least  partially  caused  by  porphyrin  de- 
composition in  nitrobenzene.  Therefore  the 
acetonitrile  -  nitrobenzene  data  were  excluded 
from  this  study,  pending  further  investigations 
of  this  system. 

CONCLUSIONS 

The  Soret  band  energies  of  three  free-base 
porphyrins  and  two  nickel  porphyrin  com- 
plexes show  highly  linear  correlations  with  re- 
spect to  the  Lorentz-Lorenz  function  of  the 
solvent  refractive  index  in  ethyl  acetate  - 
chlorobenzene  and  ether  —  anisole  binary  sol- 
vent mixtures.  While  it  may  be  argued  that  the 
observed  band  shifts  in  this  mixed-solvents 
study  are  not  completely  uninfluenced  by 
slight  systematic  solvent  polarity  changes 
throughout  the  series  of  mixtures,  a  causal  re- 
lationship between  changes  in  the  solvent  po- 
larizability  and  the  observed  Soret  band  shifts 
is  verified  by:  1)  the  consistency  in  the  direc- 
tion of  the  Soret  band  shifts  with  respect  to 
solvent  refractive  index  regardless  of  whether 
the  polarity  of  the  mixture  slightly  increases 
or  decreases  with  increasing  refractive  index, 
and  2)  the  consistency  in  the  magnitudes  of 
the  Soret  band  shifts  with  respect  to  changes 
in  solvent  refractive  index  in  both  this  mixed- 
solvent  study  and  a  study  of  FLTPP  in  a  series 
of  non-polar  n-alkanes  (Renge  1991).  These 
studies  affirm  the  contribution  of  solvent  po- 
larizability  effects  to  solvent  influences  on  the 
band  energies  of  porphyrins  and  metallopor- 
phyrins,  in  contrast  to  an  analysis  in  which  it 
was  concluded  that  solvent  polarizability  has 
no  major  effect  upon  the  Soret  band  energies 
of  NiPPDME  (Rolling  1989).  The  signifi- 
cance of  the  solvent  polarizability  influence 
on  the  Soret  band  energies  is  affirmed  by 
comparing  magnitudes  of  the  Soret  band  shifts 
of  3-8  nm  observed  in  this  study,  in  solvents 
with  similar  polarities  and  different  polariz- 
abilities  (with  refractive  index  changes  of 
0.15-0.16  unit),  to  those  of  Rolling's  analysis, 
in  which  a  maximum  Soret  band  shift  of  8  nm 
was  observed  for  NiPPDME  in  a  set  of  16 
solvents  which  varied  substantially  in  polarity 
as  well  as  polarizability  (with  refractive  index 
changes  of  up  to  0.23  unit)  (Rolling  1989). 
This  mixed-solvents  study  indicates  that  for 
the  Soret  and  Qy  bands,  the  polarizability  ef- 


fects of  the  solvent  must  be  taken  into  account 
for  an  accurate  analysis  of  the  total  solvent 
effects  upon  the  transition  energies  of  porphy- 
rins. These  characterization  studies  are  appli- 
cable to  the  development  of  porphyrins  as 
spectroscopic  probes  of  specific  environments 
and  as  photon  absorbers  in  industrial  appli- 
cations. 
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STATHMIN  EXPRESSION  IN  THE 
PLACENTA  AND  EMBRYONIC  BRAIN 

W.  Ko,  M.T.  Johnson,  D.A.  Prentice  and  J.P.  Hughes:      Department  of  Life 
Sciences,  Indiana  State  University,  Terre  Haute,  Indiana  47809 

ABSTRACT.  Stathmin  is  a  member  of  a  family  of  proteins  believed  to  play  important  roles  in  neural 
development.  In  the  current  study,  expression  of  stathmin  forms  in  rat  brain  was  examined  from  day  15 
of  gestation  through  the  neonatal  period  and  into  adulthood.  Placental  stathmin  also  was  analyzed.  Un- 
phosphorylated  and  phosphorylated  forms  of  stathmin  in  the  brain  are  highest  in  the  late  fetal  and  early 
neonatal  period.  Placenta  expresses  some  larger  stathmin-like  proteins,  but  none  of  the  19  kilodalton  forms 
of  stathmin.  The  results  show  that  stathmin  is  greatly  elevated  during  a  period  of  rapid  brain  growth  and 
development,  suggesting  that  stathmin  plays  a  regulatory  role  in  development.  The  functional  significance 
of  the  unique  pattern  of  stathmin-like  proteins  expressed  by  the  placenta  is  unclear  at  this  time. 

Keywords:     Stathmin,  rat,  brain,  development,  placenta 


Stathmin  is  a  cytosolic  phosphoprotein  be- 
lieved to  be  involved  in  intracellular  signaling 
(Sobel  1991).  Though  found  in  almost  all  tis- 
sues, stathmin  is  expressed  most  highly  in  the 
nervous  system  (Amat  et  al.  1991;  Doye  et  al. 
1992;  Koppel  et  al.  1990;  Maucuer  et  al. 
1993;  Schubart  1988;  Sugiura  &  Mora  1995). 
It  is  a  member  of  a  family  of  proteins  that  in 
mammals  includes  SCG10  (Anderson  &  Axel 
1985;  Stein  et  al.  1988),  SCGlO-like  protein 
(SCLIP)  (Ozon  et  al.  1998)  and  RB3  (Ozon 
et  al.  1997).  These  latter  family  members  are 
almost  exclusively  expressed  in  neural  tissue 
(Ozon  et  al.  1997;  Ozon  et  al.  1998).  The  ex- 
pression of  stathmin  and  family  members  in 
neural  tissue  supports  a  regulatory  role  for 
these  proteins  in  development  of  the  nervous 
system.  Though  it  is  likely  that  members  of 
the  stathmin  family  have  overlapping  func- 
tions, they  probably  play  distinct  regulatory 
roles  in  neural  development,  given  their  dif- 
ferences in  distribution  within  the  nervous 
system  (Ozon  et  al.  1997;  Ozon  et  al.  1998), 
developmental  expression  (Amat  et  al.  1991; 
Anderson  &  Axel  1985;  Doye  et  al.  1992; 
Koppel  et  al.  1990;  Maucuer  et  al.  1993;  Ozon 
et  al.  1997;  Ozon  et  al.  1998;  Schubart  1988; 
Sugiura  &  Mora  1995)  and  cytosolic  vs.  mem- 
brane localization  (Anderson  &  Axel  1985;  Di 
Paolo  et  al.  1997;  Ozon  et  al.  1997;  Ozon  et 
al.  1998;  Sobel  1991). 

Several  reports  (Amat  et  al.  1991;  Doye  et 
al.  1992;  Koppel  et  al.  1990;  Maucuer  et  al. 


1993;  Schubart  1988;  Sugiura  &  Mora  1995) 
have  suggested  that  stathmin  expression  in  the 
brain  is  high  in  the  late  embryonic  and  early 
neonatal  period,  and  then  declines  into  adult- 
hood. Ozon  et  al.  (1998)  have  demonstrated 
that  expression  of  stathmin  mRNA  increases 
in  the  rat  brain  from  day  16  of  gestation  to  a 
peak  in  the  early  neonatal  period  and  then  de- 
creases toward  adulthood.  The  study  also 
showed  that  expression  of  SCG10  mRNA  fol- 
lowed a  similar  developmental  pattern  in  the 
brain.  In  contrast,  SCLIP  and  RB3  mRNAs 
did  not  decline  after  the  neonatal  period. 

In  the  current  study,  we  have  examined  the 
forms  of  stathmin  expressed  in  the  brains  of 
embryonic,  neonatal  and  pregnant-adult  rats 
and  in  rat  placenta.  The  data  confirm  that 
stathmin  is  highest  in  the  late  embryonic  and 
early  neonatal  period.  Furthermore,  the  data 
suggest  that  the  placenta  expresses  larger 
stathmin-like  proteins,  but  few  if  any  19  kil- 
odalton (kDa)  forms  of  stathmin. 

METHODS 

Animals/tissues. — Tissues  were  obtained 
from  Sprague-Dawley  rats.  Adult  animals 
weighed  between  180-300  g.  Brains  from  a 
minimum  of  five  separate  animals  were 
pooled  for  studies  of  fetal  and  neonatal  stath- 
min. The  10-day  preparation  was  prepared 
from  multiple  placenta-fetus  samples  taken 
from  two  different  pregnant  rats.  All  prepa- 
rations from  adult  animals  involved  tissues 
obtained  from  at  least  two  separate  animals. 
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Anti-stathmin  antibody. — The  anti-stath- 
min  antiserum  was  generated  in  rabbits 
against  amino-acid  residues  32—44  (VPEFPL 
SPPKKKD)  of  rat  stathmin  (Flurkey  et  al. 
1993;  Meyer  et.  al.  1992).  This  sequence  is 
highly  conserved  among  mammalian  stath- 
mins,  but  it  is  less  conserved  among  the  stath- 
min family  members  SCG10  (EAPRT- 
LASPKKKD),  SLIP  (PESPVLSSPPKRKD) 
and  RB3  (VPEFNASLPRRRD).  The  carboxy- 
terminal  five  amino  acids  of  the  fragment  used 
to  generate  the  antibody  are  shared  by  stath- 
min and  SCG10,  so  some  cross-reactivity  is 
possible.  In  the  immunostaining  procedure, 
the  antibody  was  used  at  a  concentration  of 
1:5000. 

Stathmin  extraction. — Whole  rat  brains 
were  suspended  in  3  volumes  of  an  ice-cold 
extraction  buffer  consisting  of  100  mM  Tris- 
HC1,  1  mM  phenylmethylsulfonyl  fluoride,  10 
(xg/mL  leupeptin  and  0.02%  sodium  azide  at 
pH  7.0.  The  suspension  was  sonicated  using 
three  5-sec  bursts  at  a  setting  of  2.3  on  a  Bran- 
son Sonifier  (Branson  Ultrasonic  Corp.,  Dan- 
bury,  Connecticut).  The  suspension  was  cen- 
trifuged  at  800  X  g  at  4°  C  for  4  min,  and  the 
supernatant  fraction  was  transferred  to  a  1.5 
mL  microfuge  tube.  Sodium  chloride  ( 1  M,  in 
100  mM  Tris-HCl,  pH  7.0)  was  added  to  a 
final  concentration  of  100  mM  and  the  solu- 
tion was  heated  to  100°  C  for  10  min.  The 
tubes  were  placed  on  ice  for  5  min  and  cen- 
trifuged  at  12,000  X  g  for  5  min,  and  the 
stathmin-enriched  supernatant  fraction  was 
transferred  to  a  clean  1 .5  mL  microfuge  tube. 
Protein  was  measured  using  a  colorimetric  as- 
say (BCA  Protein  Assay,  Pierce,  Rockford,  Il- 
linois). 

Electrophoresis. — Samples  were  analyzed 
by  sodium  dodecyl  sulfate-polyacrylamide  gel 
electrophoresis  (SDS-PAGE,  Laemmli,  1970) 
on  12%  polyacrylamide  gels  (Bio-Rad  Labo- 
ratories). Samples  (35-70  fxg  protein)  were 
combined  with  an  equal  volume  of  2X  SDS 
sample  buffer  (0.125  M  Tris-HCl,  4%  SDS, 
10%  2-mercaptoethanol,  20%  glycerol,  0.05% 
bromophenol  blue,  pH  6.8)  and  heated  to  100° 
C  for  10  min.  Electrophoresis  was  run  at  a 
constant  current  of  55  mA  for  approximately 
4  h.  Proteins  in  the  gels  were  electrophoreti- 
cally  transferred  (60  V,  1  h)  to  nitrocellulose 
paper  (0.22  |xm)  using  a  Trans-Blot  Cell  (Bio- 
Rad  Laboratories)  (Towbin  et  al.  1979).  Sam- 


ples frozen  at  —70°  C  were  reanalyzed  within 
2-3  weeks  to  confirm  results. 

Immunostaining. — Open  sites  on  the  nitro- 
cellulose paper  were  blocked  by  incubating 
the  paper  in  binding  buffer  (100  mM  Tris- 
HCl,  0.15  M  NaCl,  0.1%  BSA,  pH  8.0) 
containing  5%  non-fat  dry  milk.  After  three 
10-min  washes  in  binding  buffer,  the  nitrocel- 
lulose was  incubated  for  22  h  in  binding  buff- 
er containing  the  anti-stathmin  antiserum  (1: 
5000)  (Flurkey  et  al.  1993;  Meyer  et.  al. 
1992).  Unbound  antibody  was  removed  by 
three  10-min  washes  in  binding  buffer,  and  the 
nitrocellulose  was  incubated  for  1  h  with  a 
goat  anti-rabbit  gamma  globulin  coupled  to  al- 
kaline phosphatase  (Sigma  Chemical  Compa- 
ny, St.  Louis,  Missouri).  Unbound  antibody 
was  removed  by  three  10-min  washes  in  bind- 
ing buffer,  and  the  alkaline  phosphatase  was 
detected  using  the  BCIP/NBT  (Pierce  Chem- 
ical Co.,  Rockford  Illinois). 

Density  analysis. — Immunostained  bands 
were  scanned  using  an  Arcus  II  scanner  and 
were  quantified  using  the  ONE-Dscan  pro- 
gram (Scanalytics).  Relative  stathmin  units 
were  calculated  by  comparing  the  optical  den- 
sities of  the  samples  to  those  of  aliquots  (5  |jl1, 
7.5  |jl1  and  15  u,l)  of  purified  stathmin. 

RESULTS 

The  results  show  that  brain  stathmin  levels 
increase  from  late  gestation  to  the  early  neo- 
natal period  and  then  decline  in  older  animals 
(Fig.  1).  High  levels  were  present  in  brains 
obtained  from  rats  at  2,  5  and  10  days  after 
parturition.  Most  of  the  stathmin  migrated 
with  a  molecular  weight  of  approximately 
19,000  (Fig.  1),  consistent  with  unphosphor- 
ylated  and  less-phosphorylated  forms  of  stath- 
min. However,  higher  molecular-weight  forms 
(23-24  kDa),  consistent  with  highly  phos- 
phorylated  stathmin,  were  observed  in  brains 
taken  from  all  fetal  and  neonatal  rats.  Lower 
stathmin  levels  were  found  in  extracts  pre- 
pared using  brains  obtained  from  nulliparous 
adult  rats  and  higher  molecular-weight  forms 
were  not  detected  (Fig.  1 ). 

No  1 9  kDa  forms  of  stathmin  were  detected 
in  placental/fetal  tissue  from  a  10-day  preg- 
nant rat.  A  single  23  kDa  protein  was  detected 
using  the  antibody.  Fetal  and  placental  tissues 
could  not  be  reliably  separated  at  this  stage  of 
gestation,  so  the  preparation  contained  ele- 
ments of  both.  However,  the  high  molecular 
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Figure  1. — Extracts  (70  |xg  protein)  from  rat  brain  and  placenta  were  analyzed  by  SDS-PAGE  and 
immunostaining.  Samples  analyzed  were  placenta  and  fetus  at  10-days  gestation  (10d-F).,  brains  from 
fetuses  at  15  (15d-F)  and  18  (18d-F)  days  of  gestation,  brains  from  neonates  at  2  (2d-F),  5  (5d-F),  10 
(lOd-F)  and  15  (15d-F)  days  after  parturition,  and  brain  from  an  adult  female  (A).  Each  fetal  and  neonatal 
sample  represents  a  minimum  of  five  brains.  The  numbers  at  right  show  the  positions  of  MW  standards. 


weight  protein  is  likely  of  placental  origin,  be- 
cause placenta  accounted  for  most  of  the  tis- 
sue at  this  stage. 

Stathmin  was  present  at  a  high  concentra- 
tion in  brains  obtained  from  fetal  rats  at  20- 
days  gestation,  the  expected  day  of  parturition 
(Fig.  2).  Immunostaining  of  proteins  from  the 
20-day  fetus  was  considerably  greater  than 
that  of  proteins  from  the  1 0-day  placental/fetal 
preparation,  a  preparation  that  also  is  present- 
ed in  Fig.  1  for  comparison.  Based  on  its 
staining  relative  to  the  10-day  placental/fetal 
preparation,  the  20-day  fetal  brain  (Fig.  2) 
contained  stathmin  at  levels  comparable  to 
those  found  in  the  2-day  neonatal  animal  (Fig. 
1).  Higher  molecular-weight  forms  of  stath- 
min in  the  20-day  fetal  brain  also  were  similar 
to  those  detected  in  the  brain  of  the  2  day 
neonate. 

Brain  from  a  20-day  pregnant  rat  showed 
almost  equal  amounts  of  immunostaining  at 
19  and  23  kDa  (Fig.  2).  The  appearance  of  a 
23  kDa  band  is  interesting,  because  no  com- 
parable protein  was  detected  in  the  adult  nul- 
liparous  animals.  The  23  kDa  protein  ap- 
peared to  correspond  with  one  of  the  higher 
molecular-weight  proteins  immunostained  in 
extracts  from  the  20-day  fetal  brain,  20-day 
placenta  and  the  10-day  placenta/fetus.  The 
extract  from  the  20-day  placenta  did  not  show 


evidence  of  19  kDa  forms  of  stathmin,  in 
agreement  with  results  obtained  with  the  10- 
day  placenta/fetus.  A  30  kDa  protein  also  was 
identified  in  the  20-day  placenta. 

The  immunostained  bands  in  Fig.  2  were 
analyzed  using  the  ONE-Dscan  program 
(Scanalytics)  to  obtain  an  estimate  of  inte- 
grated optical  density.  The  optical  densities 
were  then  compared  to  those  of  different 
amounts  (5  uJ,  7.5  pJ  and  15  \±\)  of  a  purified 
stathmin  (Fig.  2),  so  that  staining  could  be  ex- 
pressed as  arbitrary  stathmin  units.  As  shown 
in  Table  1,  brain  tissue  from  the  20-day  fetus 
contained  approximately  10  times  as  much 
stathmin-like  substance,  most  of  which  mi- 
grated as  a  19  kDa  protein(s). 

DISCUSSION 

The  data  show  that  expression  of  stathmin 
protein  in  the  rat  brain  is  highest  in  the  late 
fetal  and  early  neonatal  period  and  then  de- 
clines into  adulthood.  In  fact,  brain  stathmin 
peaks  in  the  period  encompassed  by  day  20 
of  gestation  to  day  2  after  parturition.  This 
developmental  pattern  closely  parallels  that 
reported  (Ozon  et  al.  1998)  for  expression  of 
stathmin  mRNA  in  rat  brain.  The  results  also 
are  consistent  with  data  from  earlier  studies 
(Amat  et  al.  1991;  Doye  et  al.  1992;  Koppel 
et  al.    1990;   Maucuer  et  al.    1993;   Schubart 
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Figure  2. — Extracts  (35  (xg  protein)  from  rat  brain  and  placenta  were  analyzed  by  SDS-PAGE  and 
immunostaining.  Samples  analyzed  were  brain  (Adult  Brain  20d)  and  placenta  (Placenta  20d)  from  a  20- 
day  pregnant  rat,  placenta  and  fetus  at  1 0-day s  gestation  (Placenta/Fetus  lOd),  brains  from  fetuses  at  20- 
days  gestation  (Fetal  Brain  20d),  and  15  [xl,  7.5  |xl  and  5  (xl  of  a  purified  stathmin  preparation.  The 
numbers  at  left  show  the  positions  of  MW  standards. 


1988;  Sugiura  &  Mora  1995)  showing  higher 
levels  of  stathmin  in  brains  from  neonatal  an- 
imals. 

Larger  (>  19  kDa)  stathmin-like  proteins 
were  identified  in  nearly  all  brain  extracts. 
Most  of  these  forms  probably  represent  phos- 
phorylated  stathmin,  because  it  has  been  dem- 

Table  1. — Stathmin  in  brain  and  placenta. 


Stathmin 

Stathmin 

amount 

forms 

(relative 

Tissue 

(MW,  kDa) 

units)1 

Brain 

20  Day  Pregnant 

19 

1.8 

23 

1.4 

19 

17.6 

23 

1.4 

24 

0.9 

20  Day  Fetus 

27 

0.02 

Placenta 

23 

0.8 

20  Day 

30 

1.3 

10  Day 

23 

0.8 

1  Units  expressed  relative  to  immunostaining  of  a 
purified  stathmin  (see  Methods). 

2  Band  could  not  be  accurately  quantified  by  the 
ONE-Dscan  program  (Scanalytics). 


onstrated  previously  (Beretta  et  al.  1993;  Car- 
dinaux  et  al.  1997;  Chneiweiss  et  al.  1989; 
Chneiweiss  et  al.  1992;  Doye  et  al.  1992)  that 
brain  contains  phosphorylated  forms  of  stath- 
min that  migrate  with  apparent  molecular 
weights  of  21,000-25,000.  Though  larger 
forms  were  not  detected  in  a  nulliparous  adult 
female  rat,  the  phosphorylated  forms  likely 
were  present,  but  at  low  levels.  A  30  kDa 
form(s)  identified  in  placenta  from  a  20-day 
pregnant  rat  is  larger  than  would  be  expected 
for  phosphorylated  stathmin.  This  form  might 
represent  one  of  the  stathmin-related  proteins 
such  as  SCG10,  SLIP  or  RB3.  The  most  likely 
candidate  would  be  SCG10  since  this  protein 
shares  some  homology  with  stathmin  in  the 
region  of  the  molecule  used  to  generate  the 
anti-stathmin  antibody  (please  see  Methods), 
and  SCG10  is  present  at  a  relatively  high  con- 
centration in  brain.  However,  SCG10  usually 
migrates  with  an  apparent  molecular  weight 
less  than  30,000  (Ozon  et  al.  1997).  Using  an 
anti-RB3  antiserum,  Ozon  et.  al.  (1997)  re- 
ported unidentified  "X"  proteins  that  migrate 
with  an  apparent  molecular  weight  of  30,000. 
Hence,  the  30  kDa  protein  could  be  a  yet  un- 
identified stathmin-like  protein,  perhaps  relat- 
ed to  RB3. 

No  19  kDa  stathmin  forms  were  detected  in 
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placenta.  The  smallest  form  detected  in  pla- 
cental tissue  obtained  at  10  and  20  days  of 
gestation  was  approximately  23  kDa.  Interest- 
ingly, a  similar-sized  protein  was  prominent 
in  the  brain  obtained  from  a  20-day  pregnant 
animal.  The  dearth  of  19  kDa  forms  of  stath- 
min  in  placenta  may  suggest  that  placental  en- 
zymes actively  phosphorylate  stathmin.  Alter- 
natively, the  protein  immunostained  at  23  kDa 
may  represent  SCG10  or  other  stathmin-relat- 
ed  protein.  In  any  case,  it  is  remarkable  that 
a  tissue  undergoing  growth  and  development 
contains  so  little  unphosphorylated  stathmin. 
In  summary,  the  results  show  that  expres- 
sion of  stathmin  in  brain  is  highest  close  to 
the  time  of  parturition.  The  data  also  show 
that  the  pattern  of  "stathmin"  forms  ex- 
pressed by  placental  tissue  differs  from  that  in 
brain. 
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WOODY  VEGETATION  SURVEY  OF  BEALL  WOODS 
NATURE  PRESERVE,  WABASH  COUNTY,  ILLINOIS 

William  E.  McClain:      Illinois  Department  of  Natural  Resources,  524  South  Second 
Street,  Springfield,  Illinois  62701 

Richard  L.  Larimore  and  John  E.  Ebinger:      Illinois  Natural  History  Survey,  607 
East  Peabody  Drive,  Champaign,  Illinois  61820 

ABSTRACT.  The  Beall  Woods  Nature  Preserve  in  Wabash  County,  Illinois  contains  the  best  remnant 
of  the  immense  forest  once  associated  with  the  Lower  Wabash  River  Valley.  The  forest  was  studied  in 
1997  using  3  ha  plots  (100  m  X  300  m)  in  each  of  six  major  forest  cover  types.  The  three  upland  forest 
cover  types  were  sugar  maple/oak/hickory  (329  stems/ha,  26.23  m2/ha),  sugar  maple/oak/ash  (284.6  stems/ 
ha,  29.51  m2/ha),  and  sugar  maple/  sweet  gum/ash  (263.2  stems/ha,  31.45  m2/ha).  Species  composition 
within  the  floodplain  forest  cover  types  varied  extensively  as  a  result  of  minor  variations  in  elevation. 
The  three  floodplain  forest  cover  types  were  silver  maple/pecan  (209.3  stems/ha,  36.71  m2/ha),  hackberry/ 
sweet  gum/kingnut  hickory  (282.5  stems/ha,  29.12  m2/ha)  and  elm/sweet  gum/oak  (299.8  stems/ha,  29 
m2/ha).  A  greater  diversity  of  tree  species  was  present  in  upland  forests  as  compared  to  the  floodplain 
forests. 

Keywords:     Beall  Woods  Nature  Preserve,  forest  structure,  Illinois,  old-growth  forest,  Wabash  River 


Since  early  studies  by  the  American  orni- 
thologist Robert  Ridgway  (1872,  1882,  1883) 
the  Lower  Wabash  Valley  has  been  known  for 
lowland  forests  with  large  trees  (Davenport 
1970;  Huffman  1994).  Most  of  this  extensive 
forest  has  been  destroyed,  with  the  biggest 
and  best  remaining  example  being  Beall 
Woods  Nature  Preserve  (BWNP). 

Acquired  by  the  Illinois  Department  of 
Conservation  in  1965,  the  area  was  dedicated 
as  a  nature  preserve  on  24  January  1 966.  The 
high  quality  of  this  forest  and  the  many  large 
forest  trees,  some  of  which  are  records  for  Il- 
linois, are  justification  for  the  dedication  (Bee- 
cher  1965;  Peterson  1970;  McFall  &  Karnes 
1995;  Esarey  1999).  This  old-growth  forest 
has  been  subjected  to  some  disturbance  over 
the  last  200  years,  including  grazing  by  hogs 
and  cattle,  hunting,  and  the  removal  of  most 
of  the  black  walnuts  over  12  inches  dbh  (Ash- 
by  &  Ozment  1967).  The  present  study  was 
undertaken  to  determine  present  structure  and 
composition  of  the  forest  cover  types  and  to 
determine  changes  since  early  studies. 

METHODS 

The  vegetation  of  BWNP  was  studied  be- 
tween fall  of  1996  and  summer  of  1997.  The 
sites  studied  included  three  upland  and  three 


floodplain  cover  types  described  by  Ashby  & 
Ozment  (1967).  These  sites  were  relatively 
large  continuous  tracts  of  timber  characterized 
by  distinct  tree  associations.  Within  each  cov- 
er type  the  overstory  was  examined  using  100 
m  by  300  m  (3  ha)  plots.  Each  plot  was  di- 
vided into  25  m  X  25  m  sub-plots  for  ease  in 
study  (48  in  each  plot).  The  plots  were  located 
as  near  as  possible  near  the  center-line  through 
each  cover  type  and  the  mid-line  of  each  plot 
marked  with  permanent  stakes  (Fig.  1).  Num- 
ber, diameter  and  species  identity  of  all  living 
and  dead-standing  woody  individuals,  >  10 
cm  dbh,  were  recorded  for  each  sub-plot. 
From  the  living  tree  data,  the  density  (stems/ 
ha)  in  broad  diameter  classes,  the  basal  area 
(m2/ha),  relative  density,  relative  dominance, 
importance  value  (IV)  and  average  diameter 
(cm)  were  calculated  for  each  species.  IV  is 
the  sum  of  the  relative  density  and  relative 
dominance  (basal  area)  for  each  species  (Mc- 
intosh 1957;  Boggess  1964).  From  the  dead- 
standing  tree  data  the  density  and  basal  area 
were  determined  for  each  species. 

The  woody  understory  was  sampled  using 
nested  circular  plots  0.0001,  0.001  and  0.01 
ha  in  size  randomly  located  along  line  tran- 
sects throughout  each  of  the  3  ha  plots.  Two 
additional  0.0001    ha  circular  plots  were  lo- 
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cated  6  m  to  the  north  and  south  of  each  nest- 
ed plot  center.  Seedlings  (<  50  cm  tall)  were 
tallied  in  the  0.0001  ha  plots;  small  saplings 
(>  50  cm  tall/<2.5  cm  dbh)  were  recorded  in 
the  0.001  ha  plots;  while  large  saplings  (2.5- 
9.9  cm  dbh)  were  recorded  in  the  0.01  ha 
plots,  and  their  densities  (stems/ha)  deter- 
mined. A  total  of  48  sets  of  nested  circular 
plots  were  located  within  each  of  the  study 
areas,  with  an  additional  96  seedling  plots. 
Nomenclature  follows  Mohlenbrock  (1986). 

DESCRIPTION  OF  THE  STUDY  AREA 

The  BWNP  is  located  in  Beall  Woods  Con- 
servation Area  about  2  km  east  of  Keensburg 
and  about  8  km  southwest  of  Mt.  Carmel,  Wa- 
bash County,  Illinois  (SI  1  T2S  R13W)  in  the 
Bottomlands  Section  of  the  Wabash  Border 
Division  (Schwegman  1973).  The  preserve  is 
divided  by  Coffee  Creek  and  its  tributary, 
Sugar  Creek,  both  of  which  are  greatly  influ- 
enced by  flooding  from  the  Wabash  River 
(Fig.  1).  It  is  common  in  spring  for  flood  wa- 
ter to  reach  the  400  foot  (122  m)  contour  in- 
terval, flooding  about  half  of  the  nearly  120 
forested  ha  (about  300  acres)  of  BWNR 

Elevations  at  BWNP  range  from  115  m  in 
the  creek  bottom  to  1 40  m  above  sea  level  on 
the  uplands.  Bedrock  beneath  BWNP  is  the 
Bond  Formation  of  the  Pennsylvanian  System 
and  exposures  of  sandstone,  shale,  siltstone, 
and  coal  occur  along  Coffee  Creek  (Frankie 
et  al.  1996).  Bottomland  soils  are  of  the  Hay- 
mond-Allison  Association  while  upland  soils 
are  of  the  Alford-Iona  Association  (USD A 
1964). 

The  climate  of  south-central  Illinois  is  con- 
tinental with  cool  winters,  hot  summers,  and 
little  or  no  water  deficit  in  any  season  of  the 
year  (Page  1949;  Fehrenbacher  et  al.  1967; 
Schwegman  1973).  In  Princeton,  Indiana  (20 
km  to  the  east),  average  precipitation  is  1 16.8 
cm,  with  the  month  of  May  having  the  highest 
average  rainfall  (13.36  cm).  Mean  average 
temperature  in  Princeton  is  12.6°  C  with  the 
hottest  month  being  July  (average  of  25.1°  C), 
and  January  the  coldest  (average  of  — 1.8°  C). 
The  average  number  of  frost-free  days  is  186. 

Two  previous  studies  have  been  published 
concerning  the  flora  of  BWNP.  Lindsey  ( 1962) 
conducted  a  survey  of  the  overstory  using  V5 
acre  strips:  20  in  the  lowland  forest  and  25  in 
the  upland  forest.  The  densities,  basal  areas, 
relative   values   and   importance   values   were 


44 


PROCEEDINGS  OF  THE  INDIANA  ACADEMY  OF  SCIENCE 


UPLAND  FORESTS 
sugar  maple/oak/hickory 
sugar  maple/sweet  gum/green  ash 
sugar  maple/oak/ash 
red  oak/basswood  (not  studied) 


LOWLAND  FORESTS 
elm/sweet  gum/oak 
hackberry/ sweet  gum/kingnut 
hackberry/elm  (not  studied) 
silver  maple/pecan 


DISTURBED 
(£22>  livestock  yards 

n  MILE 


Figure  1. — Forest  cover  types  of  Beall  Woods  Nature  Preserve,  Wabash  County,  Illinois.  The  center- 
line  of  each  plot  in  each  of  the  six  cover  types  is  indicated  by  a  black  line.  Modified  from  Ashby  & 
Ozment  (1967). 


given  for  the  tree  species  in  each  area.  Ashby 
&  Ozment  (1967)  prepared  a  checklist  of  vas- 
cular plant  species  and  described  eight  forest 
cover  types.  Of  the  eight  forest  cover  types, 
six  are  of  considerable  size  and  were  sampled 
during  the  present  study.  Two  forest  cover 
types  covered  very  small  areas  and  were  not 
sampled. 

RESULTS 

Woody  vegetation  of  the  upland  forest. — 

The  three  upland  forest  cover  types  at  Beall 
Woods  are  classified  as  dry-mesic  to  wet-me- 
sic  forests  (White  &  Madany  1978).  Open- 
grown   trees   are   not   common,    indicating   a 


closed  canopy  forest  prior  to  European  settle- 
ment. 

Sugar  maple/oak/hickory  forest:  (Acer  sac- 
charumlQuercus  spp. ICarya  spp.).  This  cover 
type  is  best  developed  on  the  level  and  gently 
sloping  ground  north  of  Coffee  Creek  (Fig.  1). 
Tree  density  was  329.8  stems/ha  with  a  basal 
area  of  26.23  m2/ha  while  24  canopy  and  six 
understory  tree  species  were  encountered  (Ta- 
ble 1 ).  Numerous  small  diameter  trees  are 
common  with  more  than  185  stem/ha  in  the 
10-19  cm  diameter  class.  Sugar  maple  ranked 
first  with  an  IV  of  46.4,  and  dominated  the 
smaller  diameter  classes.  Quercus  alba  (white 
oak)  ranked  second  in  IV,  while  Carya  ovata 
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Table  2. — Densities  (stems/ha)  of  the  woody  seedlings  (<50  cm  tall),  small  saplings  (>50  cm  tall  <2.5 
cm  dbh),  and  large  saplings  (2.5-9.9  cm  dbh)  in  upland  forests  cover  types  at  Beall  Woods  Nature 
Preserve,  Wabash  County,  Illinois. 


Species 


Sugar  Maple/  Sugar  Maple/ 

Oak/Hickory                 Sugar  Maple/Oak/Ash  Sweet  Gum/Ash 

Saplings                                   Saplings  Saplings 

Seedlings  Small    Large    Seedlings     Small      Large  Seedlings  Small    Large 

1389        2208      100            972         2500            29  1250       4042      196 

1111                         4          4583           292              4  4 

417                          4  4 

278  — 

—  125      133                                42             13  4 

42     238            417             42          121  42      125 

42        17            139            42              4  139                      21 

—  —         88             —             —           33  54 

17     1111      42      8  278          8 
8     139 

—  —     4            —      8  13 

—  —     4     —      —     —  8 

139     42     17  29 

______  17 

______  4 

_______  4 

______  4 

139                                                       42  2917        1167 

42 

3334       2417      646         7500         3086        237  4584       5251      495 


Asimina  triloba 
Nyssa  sylvatica 
Carya  cordiformis 
Sassafras  albidum 
Ostrya  virginiana 
Acer  saccharum 
Celtis  occidentalis 
Cornus  florida 
Ulmus  americana 
Fraxinus  pennsylvanica 
Carya  ovata 
Carya  tomentosa 
Cercis  canadensis 
Acer  negundo 
Crataegus  mollis 
Primus  serotina 
Ulmus  rubra 
Acer  rubrum 
Morns  rubra 
Acer  saccharinum 
Gymnocladus  dioicus 
Lindera  benzoin 
Elaeagnus  umbellata 
Totals 


(shagbark  hickory)  ranked  third.  Remaining 
species  were  those  commonly  associated  with 
mesic  sites,  with  Ostrya  virginiana  (hop  horn- 
beam) and  Cornus  florida  (flowering  dog- 
wood) the  common  understory  species.  Asi- 
mina triloba  (pawpaw)  and  Nyssa  sylvatica 
(black  gum)  (mostly  root  sprouts),  dominated 
the  seedling  layer,  while  pawpaw  and  sugar 
maple  were  the  common  saplings  (Table  2). 
Density  of  dead-standing  individuals  was  18 
stems/ha  with  a  basal  area  of  2.68  m2/ha. 
White  oak  had  the  highest  mortality  followed 
by  Sassafras  albidum  (sassafras),  Ulmus 
americana  (American  elm),  and  black  gum. 

Sugar  maple/oak/ash  forest:  {Acer  sacchar- 
uml  Que  reus  spp./ Fraxinus  spp.).  This  cover 
type  is  found  on  moderately  dissected  lands 
mostly  to  the  south  of  Coffee  Creek.  Tree  den- 
sity was  284.6  stems/ha  with  a  basal  area  of 
29.51  m2/ha,  while  24  canopy  and  three  un- 
derstory tree  species  were  encountered  (Table 


1).  Sugar  maple  dominated  with  an  IV  of  87.6, 
mostly  due  to  stems  in  the  10—29  cm  diameter 
classes.  White  oak  ranked  second  followed  by 
Fraxinus  pennsylvanica  (green  ash)  and  red 
oak.  Hickories  were  rare,  as  were  hop  horn- 
beam and  flowering  dogwood,  distinguishing 
this  cover  type  from  the  sugar  maple/oak/ 
hickory  cover  type.  Black  gum,  green  ash,  and 
pawpaw  dominated  the  seedling  category, 
while  pawpaw  and  sugar  maple  were  the  most 
important  saplings  (Table  2).  Density  of  dead- 
standing  individuals  was  13  stems/ha  with  a 
basal  area  of  1.49  mVha.  Oaks  accounted  for 
67%  of  the  dead-standing  basal  area. 

Sugar  maple/sweet  gum/ash  forest:  (Acer 
saccharum/ Liquidam bar  sty raciflua/ Fraxinus 
spp.).  Located  in  the  flat  area  to  the  south  of 
Coffee  Creek,  this  cover  type  was  designated 
the  white  oak/tulip  tree  cover  type  by  Ashby 
&  Ozment  (1967).  The  area  is  flat,  drainage 
is  poor,  with  standing  water  common  in  win- 
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ter,  spring,  and  also  sometimes  for  a  few  days 
after  summer  rains.  Tree  density  was  263.2 
stems/ha  with  a  basal  area  of  31.45  m2/ha, 
while  25  canopy  and  five  understory  species 
were  encountered  (Table  1).  Sugar  maple 
dominated  the  lower  diameter  classes,  ranked 
first  in  importance  with  an  IV  of  40.8,  and  had 
the  highest  density.  Sweet  gum  and  green  ash 
ranked  second  and  third  in  IV  respectively, 
were  well  represented  in  most  diameter  clas- 
ses, and  had  average  diameters  exceeding  40 
cm.  Pawpaw  and  Lindera  benzoin  (spicebush) 
dominated  the  seedling  and  small  sapling  cat- 
egories, while  pawpaw,  sugar  maple  and 
American  elm  were  the  important  large  sap- 
lings (Table  2).  Density  of  dead-standing  in- 
dividuals was  17  stems/ha  with  a  basal  area 
of  3.59  m2/ha.  A  few  large  oaks  and  green 
ashes  were  responsible  for  the  high  basal  area. 

Woody  vegetation  of  the  lowland  for- 
est.— The  lowland  forest  cover  types  at  Beall 
Woods  are  classified  as  wet  floodplain  forest 
to  mesic  floodplain  forest  (White  &  Madany 
1978).  Here  flooding  determined  species  di- 
versity, with  fewer  species  entering  the  can- 
opy and  the  woody  understory  where  flooding 
is  common. 

Silver  maple/pecan  forest:  {Acer  sacchar- 
inumlCarya  illinoensis).  This  wet  floodplain 
forest  cover  type  is  common  along  both  sides 
of  Coffee  Creek  (Fig.  1).  Flooding  duration  is 
three  weeks  to  a  month  in  early  spring  and 
additional  floods  of  a  week  or  more  may  occur 
during  the  growing  season.  Tree  density  was 
209.3  stems/ha  with  a  basal  area  of  36.71  m2/ 
ha,  while  1 1  tree  species  were  encountered 
(Table  3).  Silver  maple  dominated  (IV  of  146), 
had  the  highest  density  (149.4  stems/ha),  the 
most  basal  area  (27.41  m2/ha),  and  some  in- 
dividuals exceeded  125  cm  dbh.  Pecan  and 
American  elm  were  second  and  third  in  IV 
respectively.  Understory  trees  were  not  com- 
mon; Celtis  laevigata  (sugarberry)  was  the 
most  numerous  with  7  stems/ha.  The  under- 
story was  open  with  few  saplings,  while  silver 
maple  and  green  ash  seedlings  were  occasion- 
ally encountered  (Table  4).  Density  of  dead- 
standing  individuals  was  15  stems/ha  with  a 
basal  area  of  2.08  m2/ha.  Silver  maple  ac- 
counted for  over  80%  of  the  dead  stems  and 
basal  area.  A  few  dead-standing  Betula  nigra 
(river  birch)  were  present. 

Hackberry/sweet  gum/kingnut  hickory  for- 
est: {Celtis  occidental is/ Liquidambar  styraci- 
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Table  4. — Densities  (stems/ha)  of  the  woody  seedlings  (<50  cm  tall),  small  saplings  (>50  cm  tall  <2.5 
cm  dbh),  and  large  saplings  (2.5-9.9  cm  dbh)  in  lowland  forests  cover  types  at  Beall  Woods  Nature 
Preserve,  Wabash  County,  Illinois. 


Species 


Hackberry/Sweet 

Silver  Maple/Pecan        Gum/Kingnut  Hickory  Elm/Sweet  Gum/Oak 

Saplings                               Saplings  Saplings 

Seedlings  Small    Large    Seedlings  Small    Large  Seedlings     Small       Large 

1528             -             -                                          4  —             — 

556         417         4             139           83         4  —              4 

139                                                                   8  -                              13 

139                                                     125        13  694            875          117 

278                      25  83           46 

278          _._         _  .  _ 

—  —                         139          —         —  —             —            — 

_           _         _            __4  _             _            7i 

-  -             -                           4  —               8 

4  139                               8 

_______  42           — 

—  —         —                                        —  —             —             13 

______  _4 

2362         417         4             834         208       66  833          1000         284 


Acer  saccharinum 
Fraxinus  pennsylvanica 
Celtis  laevigata 
Asimina  triloba 
Celtis  occidentalis 
Gymnocladus  dioicus 
Quercus  macrocarpa 
Ulmus  americana 
Carya  cordiformis 
Acer  negundo 
Liquidambar  styraciflua 
Cercis  canadensis 
Carya  laciniosa 
Totals 


flua/Carya  laciniosa).  This  lowland  forest  is 
situated  on  a  flat  terrace  about  1.5  m  above 
the  floodplain  (Fig.  1).  Tree  density  was  282.5 
stems/ha  and  basal  area  was  29.12  m2/ha, 
while  14  canopy  and  four  understory  species 
were  encountered  (Table  3).  Hackberry  dom- 
inated with  an  IV  of  52.1  and  102.6  stems/ha 
with  more  than  half  in  the  10—19  cm  diameter 
class  (Table  3).  Sweet  gum  ranked  second  in 
IV  (29.0)  with  most  individuals  in  larger  di- 
ameter classes  and  kingnut  hickory  ranked 
third  with  most  individuals  in  intermediate  di- 
ameter classes.  Silver  maple  and  American 
elm  were  also  common  forest  components, 
both  with  IV's  exceeding  20.  Few  saplings 
were  encountered,  while  seedlings  were  rare 
with  834  stems/ha  (Table  4).  Density  of  dead- 
standing  individuals  was  25  stems/ha  with  a 
basal  area  of  3.01  m2/ha.  Hackberry  and 
American  elm  accounted  for  more  than  75% 
of  dead-standing  individuals  while  a  few  oaks 
and  silver  maple  accounted  for  most  of  the 
dead-standing  basal  area. 

Elm/sweet  gum/oak  forest:  (Ulmus  spp./Liq- 
uidambar  sty  racijiual  Quercus  spp.).  Common 
on  terraces  along  Coffee  Creek,  this  wet-me- 
sic  floodplain  forest  occurs  about  2.5  m  above 
the  floodplain.  The  terrain  is  flat,  and  floods 
are  uncommon  and  of  short  duration.  Tree 
density  was  299.8  stems/ha  with  a  basal  area 


of  29.00  m2/ha,  while  16  canopy  and  three 
understory  tree  species  were  encountered  (Ta- 
ble 3).  American  elm  ranked  first  (IV  of  39.3), 
dominated  the  lower  diameter  classes,  had  the 
highest  density  (88.3  stems/ha),  but  averaged 
only  18.5  cm  dbh.  Sweet  gum,  Shumard's  oak, 
and  kingnut  hickory  ranked  second  through 
fourth  in  importance,  respectively.  These  spe- 
cies had  much  higher  average  diameters,  and 
were  well  represented  in  larger  diameter  clas- 
ses. Except  for  oaks,  most  remaining  species 
were  well  represented  in  lower  diameter  clas- 
ses, particularly  Acer  negundo  (box  elder), 
sugarberry,  and  pawpaw.  The  woody  under- 
story was  not  dense;  pawpaw  dominated  all 
categories  (Table  4).  Density  of  dead-standing 
individuals  was  21.3  stems/ha  with  a  basal 
area  of  4.10  m2/ha.  The  oaks,  particularly  Shu- 
mard's and  Quercus  macrocarpa  (bur  oak), 
accounted  for  more  than  80%  of  the  basal 
area,  but  American  elm  accounted  for  55%  of 
the  dead-standing  individuals.  Also,  many 
large  dead  oaks  were  on  the  ground,  the  can- 
opy gaps  were  being  filled  with  American 
elm,  hackberry,  sugarberry  and  pawpaw. 

DISCUSSION 

Lindsey  (1962)  reported  white  oak  as  the 
leading  dominant  in  upland  forest  at  BWNP, 
and  oaks  in  general  accounted  for  70%  of  the 
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basal  area.  At  that  time,  sugar  maple  ranked 
second,  mostly  due  to  many  small  diameter 
individuals,  while  hickories  as  a  group,  ranked 
third  in  importance.  Results  reported  by  Lind- 
sey  (1962)  are  similar  to  those  found  in  the 
sugar  maple/oak/hickory  cover  type  during 
the  present  study  except  sugar  maple  has  re- 
placed oak  as  first  in  importance.  Increase  in 
sugar  maple  is  to  be  expected  as  it  has  in- 
creased dramatically  in  most  Illinois  forests 
during  the  past  30  years  (Ebinger  1986;  Ebin- 
ger  &  McClain  1991).  This  shade-tolerant, 
fire-sensitive  species  has  been  increasing  in 
importance  since  European  settlement  due  to 
anthropogenic  reduction  of  fire  frequency  and 
a  corresponding  increase  in  canopy  cover. 
This  is  a  trend  that  has  been  observed  in  many 
Midwestern  forest  communities  (Boggess 
1964;  Boggess  &  Bailey  1964;  Boggess  & 
Geis  1966;  McClain  &  Ebinger  1968;  Ebinger 
&  McClain  1991;  Roovers  &  Shirley  1997). 

The  upland  forest  at  the  BWNP  are  similar 
in  floristic  composition  to  some  upland  forests 
of  the  Southwestern  Lowland  Division  and  the 
South-Central  Oak  and  Mixed  Woods  Divi- 
sion of  southern  Indiana  (Lindsey  et  al.  1969). 
Many  of  the  tree  species  found  at  BWNP  are 
also  listed  for  Hemmer  Woods,  in  Gibson 
County,  Indiana,  but  differ  in  their  IV's  (Lind- 
sey et  al.  1969).  Also,  Donaldson's  Woods,  in 
Lawrence  County,  Indiana  has  many  of  the 
woody  species  found  in  the  uplands  at  BWNP, 
again  differing  in  IV.  One  major  exception  is 
Fagus  grandifolia,  which  is  extremely  rare  at 
BWNP  and  one  of  the  dominants  in  many 
woodlots  in  Indiana  (Barton  &  Schmelz 
1987). 

Lindsey  (1962)  listed  American  elm  as  hav- 
ing the  highest  IV  in  the  lowlands  of  the 
BWNP  followed  by  Shumard's  oak,  sweet 
gum,  bur  oak  and  kingnut  hickory.  He  referred 
to  the  area  as  an  oak/gum/elm/hickory  forest 
with  Shumard's  oak  and  sweet  gum  account- 
ing for  40%  of  the  basal  area  and  with  bur 
oak  and  American  elm  added  accounted  for 
60%  of  the  basal  area.  Silver  maple,  which 
was  confined  to  lower  elevations,  ranked  fifth 
in  his  study,  while  he  reported  few  pecans. 

The  results  of  Lindsey  ( 1962)  are  most  sim- 
ilar to  those  found  in  the  elm/sweet  gum/oak 
forest  cover  type  of  the  present  study  (Table 
3).  In  both  studies  American  elm  had  the  high- 
est IV,  while  sweet  gum  and  oak  species  (Shu- 
mard's and  bur)  were  also  common,  followed 


by  kingnut  hickory.  It  is  likely  most  of  the 
plots  used  by  Lindsey  (1962)  were  located  in 
this  cover  type,  species  composition  and  struc- 
ture are  similar  and  tree  density  (281.7  stems/ 
ha)  was  nearly  identical  with  that  found  dur- 
ing the  present  study  (299.8  stems/ha). 

Results  obtained  during  the  present  study 
for  the  silver  maple/pecan  forest  cover  type 
are  similar  to  those  reported  by  Lindsey  et  al. 
(1962)  and  Phillippe  &  Ebinger  (1973)  for 
other  forest  communities  along  the  Wabash 
River.  The  floodplains  and  frontal  flats  of  the 
Wabash  River  are  dominated  by  silver  maple, 
with  the  remaining  species  present  determined 
by  the  extent  of  flooding  and  standing  water. 
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THE  STRUCTURE  AND  COMPOSITION  OF  VEGETATION 
IN  THE  LAKE-FILL  PEATLANDS  OF  INDIANA 

Anthony  L.  Swinehart1  and  George  R.  Parker:     Department  of  Forestry  and  Natural 
Resources,  Purdue  University,  West  Lafayette,  Indiana  47907 

Daniel  E.  Wujek:     Department  of  Biology,  Central  Michigan  University,  Mount 
Pleasant,  Michigan  48859 

ABSTRACT.  The  vegetation  of  16  lake-fill  peatlands  in  northern  Indiana  was  systematically  sampled. 
Peatland  types  included  fens,  tall  shrub  bogs,  leatherleaf  bogs  and  forested  peatlands.  No  significant 
difference  in  species  richness  among  the  four  peatland  types  was  identified  from  the  systematic  sampling. 
Vegetation  composition  and  structure,  along  with  water  chemistry  variables,  was  analyzed  using  multi- 
variate statistical  analysis.  Alkalinity  and  woody  plant  cover  accounted  for  much  of  the  variability  in  the 
herbaceous  and  ground  layers  of  the  peatlands,  and  a  successional  gradient  separating  the  peatlands  was 
evident.  A  multivariate  statistical  comparison  of  leatherleaf  bogs  from  Indiana,  Michigan,  Ohio,  New  York, 
New  Jersey  and  New  Hampshire  was  made  on  the  basis  of  vegetation  composition  and  frequency  and  five 
climatic  variables.  The  vascular  vegetation  communities  of  Indiana  peatlands  and  other  peatlands  in  the 
southern  Great  Lakes  region  are  distinct  from  those  in  the  northeastern  U.S.,  Ohio  and  the  northern  Great 
Lakes.  Some  of  these  distinctions  are  attributed  to  climatic  factors,  while  others  are  related  to  biogeo- 
graphic  history  of  the  respective  regions. 

Keywords:     Peatlands,  leatherleaf  bogs,  fens,  ecological  succession,  phytogeography 


Within  midwestern  North  America,  the 
northern  counties  of  Illinois,  Indiana  and  Ohio 
represent  the  southern  extent  of  peatland  com- 
munities containing  characteristic  plant  spe- 
cies of  northern  or  boreal  affinity.  Here,  peat- 
lands are  restricted  to  favorable  microclimates 
such  as  small,  water-filled  kettles;  and  they 
never  occur  in  great  expanses  as  they  do  in 
the  northern  Lake  States,  the  northeast  and 
Canada,  where  regional  topography  and  cli- 
mate are  more  favorable  for  peat  production. 
Peatland  plant  communities  that  occur  at  their 
range  limits  are  important  because  they  en- 
hance the  biological  richness  of  these  areas 
and  potentially  increase  the  genetic  diversity 
of  the  plant  species  (Lesica  &  Allendorf  1995) 
due  to  their  responses  to  heightened  environ- 
mental stress.  The  occurrence  of  peatland 
communities  with  boreal  affinities  in  marginal 
environments  may  amplify  factors  that  favor 
their  formation,  and  therefore  provide  excel- 
lent opportunities  to  study  phytogeography 
and  glacial  relics. 

While    characteristically    northern    species 

1  Current  address:  Department  of  Biology, 
Hillsdale  College,  Hillsdale,  Michigan  49242 


such  as  Chamaedaphne  calyculata,  Androm- 
eda glaucophylla,  and  Carex  oligospermia  of- 
ten make  "southern  outlier  peatlands1'  con- 
spicuous to  botanists,  studies  of  such 
peatlands  in  New  York,  New  Jersey  and 
southern  Michigan  have  shown  a  flora  exhib- 
iting mixed  geographic  affinity  (Crow  1969; 
Lynn  &  Karlin  1985;  Karlin  &  Lynn  1988). 
Although  many  studies  have  characterized  the 
peatland  flora  of  Canada  (Jeglum  et  al.  1974; 
Slack  et  al.  1980;  Sims  et  al.  1982;  Glaser 
1992),  the  northern  Great  Lakes  region  (Gates 
1942;  Vitt  &  Slack  1975;  Glaser  1987;  Glaser 
et  al.  1992),  and  the  northeastern  United 
States  (Worley  &  Sullivan  1980;  Worley 
1981;  Lynn  &  Karlin  1985;  Sorenson  1986; 
Damman  &  French  1987;  Dunlop  1987;  Kar- 
lin &  Lynn  1988;  Fahey  &  Crow  1995),  rel- 
atively few  have  characterized  the  peatland 
plant  communities  in  the  southern  Great 
Lakes  region. 

While  extra-local  and  regional  accounts  of 
peatland  plant  communities  in  the  region  have 
been  presented  by  Transeau  (1905;  1906) 
(southern  Michigan)  and  Waterman  (1926) 
(northern  Illinois),  Ohio  is  the  only  state  in 
the  area  that  is  represented  by  thorough  treat- 
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ments  of  its  peatland  plant  communities  (see 
Jones  1941;  Aldrich  1943;  Andreas  1989;  An- 
dreas &  Bryan  1990;  Andreas  &  Knoop 
1992).  Local  or  individual  accounts  of  peat- 
lands  in  the  region  include  sites  in  southern 
Michigan  (Crow  1969a,b;  Sytsma  &  Pippen 
1981,  1982;  Glime  et  al.  1980,  1982;  Keough 
&  Pippen  1981,  1984),  northern  Illinois  (Rei- 
chle  &  Doyle  1965;  Sheviak  &  Haney  1973), 
Ohio  (Aughanbaugh  &  Diller  1968;  McQueen 
&  Giesy  1975;  Collins  et  al.  1982;  Knoop 
1987;  Lauschman  1991),  and  Indiana  (Hessler 
1896;  Markle  1916;  Cain  1928;  Lindsey  1932; 
Potzger  1934;  Hull  1937;  Friesner  &  Potzger 
1946;  Stares  1961;  Welch  1963;  Lindsey  et  al. 
1969;  Wilcox  1982;  Wilcox  et  al.  1986;  Swi- 
nehart  1994;  and  Swinehart  &  Starks  1994). 
Few  of  the  investigations  of  Indiana  peatlands 
were  quantitative  in  nature,  and  many  were 
conducted  on  the  same  peatlands,  such  as 
Cabin  Creek  Raised  Bog,  due  to  greater  public 
familiarity  with  their  location. 

The  relative  dearth  of  scientific  attention  to 
the  peatlands  in  Indiana  is  not  a  function  of 
insufficient  study  areas.  Over  90  notable  sites 
are  known  (Swinehart  1997)  and,  doubtless, 
many  others  remain  to  be  found  by  scientists. 
Sphagnum-dominated  communities  in  the 
state  have  been  documented  as  far  south  as 
the  city  of  Indianapolis  (Cain  1928),  and 
brown-moss-dominated  peatlands  reach  well 
into  the  southern  half  of  Indiana  (Friesner  & 
Potzger  1946;  Welch  1962).  A  conservative 
estimate  of  historic  peatland  coverage  in  the 
state  (based  on  true  peat  soils  rather  than 
mucks)  is  62,000  ha,  the  main  concentration 
being  in  northcentral  Indiana  (see  Swinehart 
1997).  Considering  the  average  surface  area 
of  individual  peatlands  in  Indiana  (approxi- 
mately 20  ha  (Swinehart  1997)),  it  becomes 
apparent  that  peatlands  were  extremely  fre- 
quent in  the  northern  part  of  the  state  during 
pre-settlement  times.  Unfortunately,  as  much 
as  87%  of  Indiana's  wetlands  has  been  de- 
stroyed (Dahl  1990),  mostly  as  a  result  of  ag- 
ricultural development  of  the  landscape. 

The  objectives  of  the  present  paper  are  to: 
1 )  characterize  lake-fill  peatlands  in  Indiana 
based  on  the  composition  and  structure  of  the 
vegetation  of  16  bogs,  fens  and  forested  peat- 
lands, 2)  investigate  the  floral,  hydrological 
and  serai  relationships  of  the  peatlands  using 
canonical  correspondence  analysis,  and  3) 
compare  the  peatland  flora  of  Indiana  to  other 


peatlands  in  the  southern  Great  Lakes  region 
as  well  as  to  peatlands  in  the  North  and  North- 
east. 

STUDY  AREA 

The  16  peatlands  described  in  this  paper  are 
located  within  the  northern  three  tiers  of  coun- 
ties in  Indiana  (Fig.  1).  The  entire  area  is  blan- 
keted with  glacial  deposits,  the  most  recent 
being  of  Wisconsin  age  (Fig.  1).  The  glacial 
drifts  cover  bedrock  composed  chiefly  of  De- 
vonian and  Mississippian  shales.  In  some  ar- 
eas of  northeast  Indiana,  this  bedrock  is  sep- 
arated from  the  surface  by  over  150  m  of 
glacial  deposits.  The  elevations  of  the  peat- 
lands range  from  155-320  m,  with  a  mean  of 
262  m  (SD  =  35)  (Swinehart  1997).  The  gla- 
cial drifts  are  rich  in  limestone  originating 
from  the  Michigan  basin  that,  along  with  the 
presence  of  lime-rich  bedrock,  imparts  a 
strongly  alkaline  reaction  in  the  ground  and 
surface  waters  of  the  region. 

Northeast  and  north-central  Indiana  is  char- 
acterized by  hundreds  of  lakes,  and  a  distinct 
lake  district  stretches  from  the  Huron  River 
Valley  of  Michigan  (see  Transeau  1905-6) 
through  the  northeast  corner  of  Indiana  to  a 
point  nearly  160  km  southwest.  These  lake  ba- 
sins consist  mostly  of  kettles,  created  in  the 
interlobate  area  of  the  former  Saginaw  and 
Erie  Lobes  of  Wisconsin  age.  The  lakes  oc- 
curring west  of  the  interlobate  area  (north-cen- 
tral Indiana)  are  a  result  of  the  stagnation  and 
downmelting  of  the  Saginaw  Lobe  circa 
15,000  years  BR  All  of  the  peatlands  in  the 
present  paper  are  the  result  of  in-filling  of  lake 
basins  (Swinehart  1997;  Swinehart  &  Parker 
2000). 

The  climate  of  northern  Indiana  is  sum- 
marized in  Table  1.  In  relation  to  the  more 
northern  latitudes  of  Canada,  the  northern 
Great  Lakes  region,  and  the  northeastern  Unit- 
ed States  (with  the  exception  of  New  Jersey), 
the  mean  annual  temperature  in  northern  In- 
diana is  warmer  on  average  (Table  1).  Mean 
annual  precipitation  is  similar  to  other  regions. 
However,  mean  annual  snowfall  in  northern 
Indiana  is  generally  less,  and  the  number  of 
frost-free  days  is  generally  more  with  the  ex- 
ception of  northern  New  Jersey  which  varies 
from  130-180  frost-free  days  (Lynn  &  Karlin 
1985)  (Table  1).  Climatic  conditions  in  Indi- 
ana most  closely  resemble  those  governing  the 
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Figure  1. — Map  of  northern  Indiana  showing  the  location  of  study  areas.  1)  Binkley  Fen,  2)  Kiser  Lake 
Fen,  2)  Svoboda  Fen,  4)  Blueberry  Bog,  5)  Hickory  Bog,  6)  Little  Chapman  Bog,  7)  Thompson  Bog,  8) 
Burket  Bog,  9)  Dutch  Street  Bog,  10)  Leatherleaf  Bog,  11)  Shoemaker  Bog,  12)  Yost  Bog,  13)  Little 
Arethusa  Bog,  14)  Mount  Pleasant  Bog,  15)  Ropchan  Memorial  Bog,  16)  Tamarack  Bog. 


peatland  communities  of  northern  Ohio  (Table 

1). 

Most  of  the  peatlands  in  the  present  study 
are  located  within  the  Quercus-Carya  (oak- 
hickory)  forest  type  (see  Lindsey  et  al.  1965). 
Thompson  Bog,  Mt.  Pleasant  Bog,  Dutch 
Street  Bog,  and  Svoboda  Fen  are  within  the 
Fagus-Acer  (beech-maple)  association.  Shoe- 
maker Bog  occurs  within  the  dry-prairie  re- 
gion of  northwest  Indiana. 

All  of  the  peatlands  are  presently  surround- 
ed by  agricultural  fields.  While  Mt.  Pleasant 
Bog  (18  ha),  Ropchan  Memorial  Bog  (14  ha), 
Tamarack  Bog  ( 14  ha),  Thompson  Bog  (6  ha), 
Blueberry  Bog  (10  ha),  Hickory  Bog  (0.6  ha) 
and  Kiser  Lake  Fen  (2  ha)  have  a  limited  ter- 
restrial forest  buffer,  Little  Chapman  Bog  (9 
ha),  Burket  Bog  (25  ha),  Dutch  Street  Bog  (16 
ha),  Leatherleaf  Bog  (4  ha),  Shoemaker  Bog 
(15  ha),  Yost  Bog  (8  ha),  Little  Arethusa  Bog 
(15  ha),  Svoboda  Fen  (25  ha)  and  Binkley  Fen 
(31  ha)  are  buffered  only  by  a  narrow  margin 


of  wet  or  mesic   forest   associated   with   the 

!agg- 

The  individual  basins  range  in  maximum 
depth  from  4.5-17  m  with  a  mean  maximum 
depth  of  14.7  m  (Swinehart  1997).  The  sur- 
face peat  is  classified  as  Houghton  Muck  and 
ranges  from  1-7  m  in  depth  (Swinehart  & 
Parker  2000).  Only  two  leatherleaf  bogs  and 
one  fen  exhibit  a  central  pond  of  open  water. 
The  remainder  have  their  entire  surface  area 
covered  with  peat,  although  below  the  surface, 
the  peat  is  mostly  unconsolidated  and  often 
contains  large,  open  pockets  (Swinehart  & 
Parker  2000). 

METHODS 

Definitions. — In  some  parts  of  Europe  and 
in  Canada,  the  term  bog  is  usually  confined  to 
any  peatland  where  nutrient  input  is  strictly 
ombrotrophic,  designating  all  other  peatlands, 
acid  or  alkaline,  strongly  or  weakly  minero- 
trophic,  as  fens.  Authors  studying  New  Eng- 
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land  bogs  (Worley  (1981),  Johnson  (1985), 
and  Davis  &  Anderson  (1991))  agree  that  a 
"true  bog"  refers  to  ombrotrophic  peatlands. 
Crum  (1988),  though  sparingly,  also  uses  this 
definition.  The  problem  with  using  nutrient 
source  as  a  defining  character  arises  in  the  dif- 
ficulty encountered  when  trying  to  separate  a 
bog  from  a  fen,  because  the  outward  charac- 
teristics (i.e.,  vegetation)  of  a  minerotrophic 
Sphagnum-dominated  peatland  and  an  "om- 
brotrophic" Sphagnum-dominated  peatland 
are  sometimes  patchy  or  even  indistinguish- 
able. 

Several  authors  continue  to  use  a  more  tra- 
ditional definition  of  bog  where  domination 
by  Sphagnum  mosses  is  a  delimiting  criterion. 
This  is  because  the  differences  between  a 
.S/;>/?<:/gmw7-dominated  peatland  and  a  peatland 
not  dominated  by  Sphagnum  are  quite  obvi- 
ous, and  the  relative  rapidity  by  which  a  non- 
Sphagnum-dominated  peatland  becomes 
Sphagnum-dominated  (see  Vitt  &  Kuhry 
1992;  Kuhry  et  al.  1993)  denotes  drastic  eco- 
logical changes  during  and  subsequent  to  the 
transition.  This  abrupt,  ecological  transition 
should  be  reflected  more  definitively  in  the 
nomenclature  that  is  used  to  describe  these 
systems.  Andreas  (1985),  Dunlop  (1987),  Kar- 
lin  &  Lynn  (1988)  and  Andreas  &  Bryan 
(1990)  have  all  used  the  term  bog  to  refer  to 
peatlands  dominated  by  Sphagnum  regardless 
of  the  source  of  nutrient  inputs. 

In  the  present  paper,  peatlands  with  a  bry- 
oflora  dominated  by  Sphagnum  are  termed 
bogs,  peatlands  with  a  bryoflora  dominated  by 
mosses  of  the  family  Amblystegiaceae  are 
termed  fens,  and  peatlands  that  have  devel- 
oped a  canopy  of  forest  vegetation  are  termed 
forested  peatlands — regardless  of  source  of 
water/nutrients.  Bogs,  fens  and  forested  peat- 
lands are  distinguished  from  marshes,  swamps 
and  sloughs  by  the  presence  of  significant  de- 
posits of  peat  (partially  decayed  organic  ma- 
terial) rather  than  muck,  and  the  absence  of 
long  periods  of  standing  water  (water  table  is 
at  or  slightly  below  the  surface).  Differences 
in  mineral  richness  among  bogs  are  qualified 
with  the  terms  "mineral-rich"  or  "mineral- 
poor." 

Selection  of  sites. — Two  main  criteria  were 
used  in  the  selection  of  the  peatlands  for  this 
investigation:  1)  peatlands  occurring  in  de- 
fined basins  (rather  than  those  associated  with 
rivers  and  streams),  and  2)  peatlands  exhibit- 


ing a  characteristic  flora  that  distinguished 
them  from  typical  marshes,  swamps  and 
sloughs.  Characteristic  plants  included  An- 
dromeda glaucophylla,  Betula  pumila,  Carex 
oligospermia,  Carex  trisperma,  Chamaeda- 
phne  calyculata,  Coptis  trifolia,  Drosera  spp., 
Larix  laricina,  Menyanthes  trifoliata,  Poten- 
tilla  fruticosa,  Sarracenia  purpurea,  Sphag- 
num spp.,  Vaccinium  macrocarpon,  and  V.  ox- 
ycoccos.  Selection  of  individual  sites  was 
contingent  upon  authorization  by  landowners. 

Vegetation  sampling. — The  16  peatlands 
selected  included  three  fens  (Binkley,  Kiser 
and  Svoboda),  four  tall-shrub  bogs  (Blueber- 
ry, Hickory,  Little  Chapman  and  Thompson), 
five  leatherleaf  bogs  (Burket,  Dutch  Street, 
Leatherleaf,  Shoemaker  and  Yost),  and  four 
forested  peatlands  (Little  Arethusa,  Mt.  Pleas- 
ant, Ropchan  Memorial  and  Tamarack).  Veg- 
etation in  open  peatlands  was  sampled  by  es- 
tablishing a  baseline  along  the  long  axis  of 
each  peatland.  Transects  spaced  at  25  m  or  50 
m  intervals  (depending  on  the  size  of  the  peat- 
land), and  stretching  across  the  predominant 
vegetation  of  each  peatland  [i.e.,  exclusive  of 
lagg  (the  nutrient-rich,  swampy  margins  of  a 
peatland)],  were  established  perpendicular  to 
the  baseline.  Nested  quadrats  were  placed  at 
25  m  or  50  m  intervals  along  each  transect. 
In  tall-shrub  bogs  and  some  forested  peat- 
lands, terrain  hindered  systematic  spacing  of 
sampling  plots.  In  such  cases,  a  single  line 
transect  was  established  through  the  predom- 
inant vegetation  in  the  respective  peatland. 

Vegetation  was  stratified  on  the  basis  of 
height  or  stem  diameter  at  breast  height 
(DBH):  The  tree  layer  included  living  stems 
>  4  cm  DBH,  the  shrub  layer  included  living 
stems  <  4  cm  DBH  and  greater  than  1  m  in 
height,  the  herbaceous  layer  was  vegetation 
less  than  1  m  in  height,  the  ground  layer  was 
restricted  to  bryophytes,  and  the  aquatic  layer 
comprised  submerged  or  floating  plants  (e.g., 
Potamogeton  (pondweeds)  and  Lemna  spp. 
(duckweeds)).  The  tree  layer  was  sampled 
with  400  m:  quadrats,  the  shrub  layer  with 
100  m2  quadrats,  and  all  other  layers  with  1 
m2  quadrats. 

Total  percent  frequency,  total  percent  cover 
(density  and  basal  area  for  trees),  and  impor- 
tance values  were  calculated  for  each  species 
in  each  peatland.  Percent  frequency  was  cal- 
culated by  dividing  the  number  of  quadrats  in 
which  a  species  was  found  in  a  given  peatland 
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Table  3. — Tree  layer  vegetation  in  16  Indiana  peatlands.  The  first  number  in  each  cell  is  the  percent 
frequency,  the  second  number  is  the  density  per  hectare,  the  third  number  is  the  basal  area  per  hectare, 
and  the  fourth  number  is  the  importance  value  for  each  species  in  the  respective  peatlands.  Peatland 
acronyms  correspond  with  those  listed  in  Table  2.  A  "P"  means  the  species  was  present  as  trees,  but 
occurred  outside  of  the  sampling  quadrats.  "ND"  means  the  species  was  present,  but  no  numerical  data 
is  available.  *  Data  from  Swinehart  (1994). 


Fens 


Tall-shrub  bogs 


Species 


KLF 


SVF 


HI- 


LCB 


HB 


THB 


BLB 


Acer  rubrum 
Acer  saccharinum 
Amelanchier  laevis 
Aronia  melanocarpa 
Bern  la  allegheniensis 
Fagus  grandifolia 
Fraxinus  pennsylvanica 
Juniperus  communis 
La rix  laricina 
Liriodendron  tulipifera 
Nyssa  sylvatica 
Pinus  strobus 
Populus  tremuloides 
Primus  serotina 
Quercus  palustris 
Salix  pedicellaris 
Salix  sp. 

Sassafras  albidum 
Toxicodendron  vernix 
Ulmus  americana 


3,  0.83,  0.004.  8        — 

14,  5.5.  0.02.  100      4,  0.9,  0.003,  50 


100,  125,0.41,33       P 


33,  8.3,  0.08,  6  — 


100,  141.7,  1.8,55 


3,  0.83,  0.002,  8 
6,  1.7,0.004,  16 

3,  1.7,0.007,  12 
3,  1.7,0.07,23 

6,  1.7,0.007.  16 


4,  0.9,  0.003,  50        26,  1 3,  0. 1  1 ,  63      —      33,  8.3,  0.04,  6 
17,6.5,0.02,27     —     — 


by  the  total  number  of  quadrats  sampled  in 
each  peatland.  Percent  cover  was  calculated 
by  dividing  the  sum  of  observed  cover  values 
(determined  visually)  for  each  species  in  each 
peatland  by  the  total  number  of  quadrats  in 
each  peatland.  Importance  values  for  herbs 
and  bryophytes  represent  the  sum  of  the  rel- 
ative frequency  and  relative  cover,  divided  by 
two  and  multiplied  by  100. 

Species  that  were  not  recorded  in  the  quad- 
rats, but  were  noted  elsewhere  in  the  peatland, 
were  included  in  the  species  lists  (Tables  3-7) 
as  "present."  However,  no  attempt  was  made 
to  locate  rare  plants  or  to  compile  a  complete 
flora  for  the  sites.  The  Indiana  Department  of 
Natural  Resources,  Division  of  Nature  Pre- 
serves maintains  qualitative  lists  for  many  of 
the  peatlands. 

Vouchers  for  all  bryophytes  were  placed  in 
the  private  herbarium  of  the  first  author  at 
Hillsdale  College  and  in  the  Kriebel  Herbari- 
um of  Purdue  University  (PUL).  In  addition, 
duplicate  voucher  specimens  of  Sphagnum 
spp.  from  Hickory,  Leatherleaf  and  Tamarack 
Bogs  were  placed  in  the  University  of  Mich- 
igan Herbarium  (MICH).  All  other  duplicate 


Sphagna  were  placed  in  the  Herbarium  of 
Binghamton  University  (BING).  Nomencla- 
ture of  Sphagnum  follows  Andrus  (1980, 
1987).  Nomenclature  of  all  other  mosses  fol- 
lows Crum  &  Anderson  ( 1981).  Nomenclature 
of  hepatics  follows  Crum  (1991),  and  nomen- 
clature of  vascular  plants  follows  Swink  & 
Wilhelm  (1994),  with  the  exception  of  plants 
of  the  genus  Toxicodendron. 

Water  chemistry. — Water  was  sampled  at 
three  locations  in  the  area  containing  the  pre- 
dominant vegetation  (e.g.,  open  mat  rather 
than  lagg).  All  water  samples  were  collected 
within  a  one-week  period  in  late  July  (1995), 
after  the  rainy  season  had  passed.  Water  was 
collected  from  pools  of  standing  water  or  in- 
terstitial waters  of  the  peat  depending  on  con- 
ditions. Interstitial  waters  were  obtained  by 
pushing  a  glass  jar  into  the  peat  and  allowing 
water  to  enter  the  mouth  of  the  jar.  Titration 
of  samples  for  total  alkalinity,  calcium  hard- 
ness, and  magnesium  hardness  was  conducted 
within  two  hours  of  collection.  Values  for  pH 
and  specific  conductance  were  taken  on  site 
with  a  Cole-Parmer  digital  pH  meter,  and  an 
Orion  Conductivity/TDS  meter,  respectively. 
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Table  3. — Extended. 


Leatherleaf  bo^s 


Forested  peatlands 


DSB 


YB 


Bl'R 


SI  I 


LB 


LAB 


MPB 


TAIVL 


RMB 


64,  122,  1.5.  98     55,  72.5,  0.54,  83     26,  24,  0.14,  84     3,  0.78.  0.002,  50 
—  —  4,3.7.0.04.16      3.0.78,0.002,50 


100,  245,  7.8.  36  86.  277,  8.3.  50  ND 

64,63.6,1.7,11  36,19.6.1.1.12  ND 

27,  6.8.  0.05.  2  ND 

9,  2.3,  0.004,  <1  — 


100.485.4.45 
17.8.3.0.09.2 


100.  171.  1.3.  21 


9.  1.1.0.01.8 


27,  6.8,  0.24.  3 


2,  0.5,  0.002,  1 


91,  313,  1.4,  22        64,41.1.0.4.  1  I     P 

9,2.3,0.02.  <1 

14.3.6,0.1.2 
57,76.8,4.9,  18    - 


75,  135,  2.3.  22 


10,8.7,0.09.  17 


9,2.3,0.02,  <1 


ND 
7,  1.8,  1.1,  1  ND 


18,9.1,0.05,4 


—        8.2.1.0.14.  1 
ND 


45,18.2,0.05,4       —  33.10.4.0.02.4 

100,156.1.7,17       14,3.6.0.1.2         ND      25.18.7.0.12.4 


Statistical  analyses. — Canonical  Corre- 
spondence Analysis  (CCA)  of  the  vegetation 
and  environmental  variables  was  conducted 
with  PC-ORD  Version  2.0  (McCune  &  Mef- 
ford  1995).  Data  used  in  the  vegetation  matrix 
include  the  percent  cover  for  each  herbaceous 
and  aquatic  layer  species  in  each  peatland. 
Data  used  in  the  environmental  variable  ma- 
trix include  values  for  total  alkalinity,  pH,  to- 
tal percent  shrub  cover,  and  total  tree  basal 
area  in  each  peatland. 

In  the  regional  comparison  of  vegetation  in 
leatherleaf  bogs,  data  were  taken  from  several 
published  studies.  A  data-type  that  was  com- 
mon to  all  of  the  papers  was  percent  frequen- 
cy for  each  species.  To  reduce  bias  caused  by 
differences  in  sampling  design,  frequencies 
were  converted  to  a  scale  of  1  to  5,  where  1 
=  1-19%,  2  =  20-39%,  3  =  40-59%,  4  = 
60-79%,  and  5  =  80-100%.  Detrended  Cor- 
respondence Analysis  (DCA)  was  used  to  de- 
termine the  variability  in  the  vegetation.  A 
second  matrix  that  included  mean  annual  pre- 
cipitation, mean  annual  temperature,  mean 
July  temperature,  mean  January  temperature, 
and  mean  number  of  frost-free  days  was  in- 


corporated with  the  vegetation  data  in  a  CCA 
ordination. 

RESULTS  AND  DISCUSSION 

Species  richness. — A  total  of  131  vascular 
plants,  49  bryophytes,  and  one  alga  was  re- 
corded from  the  16  peatlands  (Tables  3-7). 
The  mean  number  of  vascular  plants,  calcu- 
lated from  species  found  in  quadrats  only,  was 
determined  for  leatherleaf  bogs,  fens,  tall- 
shrub  bogs  and  forested  peatlands.  Although 
the  mean  number  of  species  from  the  leath- 
erleaf bogs  appeared  comparatively  small,  no 
significant  differences  in  species  richness 
among  the  four  peatland  types  were  identified. 
An  analysis  of  species  richness  as  a  function 
of  alkalinity  (indicative  of  the  degree  of  mi- 
nerotrophy)  showed  no  significant  relationship 
(p  =  0.107,  R2  =  0.175).  Although  peatlands 
at  extremes  of  the  gradient  harbor  character- 
istic, dominant  plants  that  are  adapted  for  spe- 
cific pH  and  mineral  conditions,  data  suggest 
that  both  ends  of  the  gradient  may  reduce  spe- 
cies richness  because  of  common  factors  such 
as  substrate  inundation  and  anoxia.  While 
mineral-rich  peatlands  and  fens  are  generally 
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Table  4. — Shrub  layer  vegetation  in  16  peatlands  in  Indiana.  The  first  number  in  each  cell  is  the  percent 
frequency  for  each  species,  the  second  number  is  the  percent  cover,  and  the  third  number  is  the  importance 
value  for  each  species  in  the  respective  peatlands.  Peatland  acronyms  correspond  with  Table  2.  A  "P" 
means  the  species  was  present  as  shrubs,  but  occurred  outside  of  the  sampling  quadrats.  *  Data  from 
Swinehart  (1994). 


Fens 

Tall-shrub  bogs 

Species 

KLF 

SVF 

BF 

LCB 

HB                   THB 

BLB 

Acer  rubrum 

— 

7,0.11,2 

22,  1,  13 

17,0.74,4 

P                   100,  15,  17 

— 

Amelanchier  laevis 

— 

— 

— 

— 

—                 — 

— 

Aronia  melanocarpa 

— 

— 

— 

4,  0.04,  1 

100,  15,  17 

80,  14,20 

Betula  allegheniensis 

3,  0.03,  1 

— 

— 

— 

33,0.3,3 

— 

Betula  pumila 

10,  0.23,  3 

17,3.3,  13 

4,0.11,2 

— 

—                 — 

— 

Carpinus  caroliniana 

— 

— 

— 

— 

—                 — 

— 

Cephalanthus  occidentalis 

— 

— 

— 

— 

29,3,4        33,1.7,4 

40,  19,  16 

Chamaedaphne  calyculata 

— 

— 

— 

— 

—                 — 

20,  1,4 

Cornus  foemina 

20,  4.3,  1 1 

— 

4,  0.37,  3 

9,  0.48,  2 

—                 — 

— 

Corn  us  stolonifera 

93,  23.8,  58 

34,3.2,  18 

— 

4,  0.22,  1 

—                 — 

— 

Decodon  verticillatus 

— 

— 

— 

— 

P 

— 

Gaylussacia  baccata 

— 

— 

— 

— 

—                 — 

20,  1,4 

Ilex  verticillata 

— 

— 

11,0.85,8 

— 

14,5,3        — 

40,  12,  12 

Larix  laricina 

— 

7,  0.34,  3 

48,  3.4,  34 

— 

—                 — 

— 

Lindera  benzion 

— 

— 

— 

— 

—                 — 

— 

Nemopanthus  mucronatus 

— 

— 

— 

— 

67.  16.7,  15 

20,  2,  4 

Nyssa  sylvatica 

— 

— 

— 

— 

—                 — 

— 

Parthenocissu  quinquefolia 

— 

— 

— 

— 

—                 — 

— 

Pinus  strobus 

— 

— 

— 

— 

—                 — 

— 

Populus  tremuloides 

13,  1.2,5 

— 

— 

13,0.30,3 

33,  1.7,4 

— 

Potentilla  fruticosa 

3,  0.33,  1 

— 

— 

— 

—                 — 

— 

Primus  serotina 

— 

— 

— 

— 

—                 — 

— 

Quercus  palustris 

— 

— 

— 

26,  2.7,  8 

—                 — 

— 

Rosa  palustris 

7,0.33,2 

7,  0.38,  3 

4,  0.04,  1 

13,0.69,3 

P                   P 

— 

Salix  Candida 

— 

— 

— 

43,3.1,  11 

—                 — 

— 

Salix  discolor 

— 

3,0.17,  1 

— 

— 

—                 — 

— 

Salix  lucida 

— 

— 

4,0.11,2 

— 

—                 — 

— 

Salix  pedicellaris 

20,  1.9,8 

3,0.17,  1 

— 

26,  1.3,6 

—                 — 

— 

Salix  sericiea 

7,0.83,3 

— 

— 

— 

—                 — 

— 

Salix  serrissima 

— 

38,  2.3,  16 

— 

— 

—                 — 

— 

Salix  sp. 

— 

— 

— 

— 

P 

— 

Spirea  tomentosa 

— 

10,0.55,4 

11,0.18,5 

4,  0.04,  1 

P 

— 

Toxicodendron  vernix 

23,  0.93,  7 

58,8.3,38 

48,  3,  32 

100,38.7,58 

P                   33,  3.3,  5 

— 

Toxicodendron  radicans 

— 

— 

— 

— 

—                 — 

— 

Ulmus  americana 

— 

— 

— 

— 

—                 — 

— 

Vaccinium  corymbosum 

— 

— 

— 

9,  0.65,  2 

100,46.7,33 

100,51,41 

Viburnum  lentago 

— 

— 

P 

— 

—                 — 

— 

Vitis  riparia 

3,  0.33,  1 

— 

— 

— 

—                 — 

— 

characterized  as  having  a  richer  flora,  most  of 
the  species  that  contribute  to  the  greater  rich- 
ness are  probably  infrequent  or  rare  members 
of  the  community,  and  may  result  from  greater 
habitat  heterogeneity  rather  than  an  overall 
more  optimal  growth  environment. 

Structure  and  composition  of  the  plant 
communities. — Extremely  mineral-rich  fen: 
Extremely  mineral-rich  fens,  represented  in 
this  study  by  Kiser  Lake  Fen,  have  strong 
groundwater  influence  that  is  often  artesian  in 
nature.  Because  the  water  is  under  pressure, 
these   "raised  fens"   exhibit  peat  that  accu- 


mulates far  above  the  average  water  table  of 
the  surroundings.  In  Kiser  Lake  Fen,  peat  de- 
posits are  slowly  sprawling  up  nearby  hill- 
sides. The  substrate,  though  quaking,  is  not 
treacherous.  A  similar  raised  peatland  occurs 
in  Randolph  County  (Friesner  &  Potzger 
1946).  Peat  that  accumulates  in  this  type  of 
wetland  is  often  underlain  by  significant  de- 
posits of  marl  (Friesner  &  Potzger  1946; 
Swinehart  &  Parker  2000)  or  a  peaty  tufa 
(Stewart  et  al.  1994).  Extremely  mineral-rich 
fens  in  Indiana  are  characterized  by  a  dense, 
low   growth   of  Potentilla  fruticosa,   the  fen 
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Table  4. — Extended. 


Leatherleaf 

bogs 

Forested 

peatlands 

DSB 

LB 

YB 

BUR 

SH 

LAB 

MPB 

TAM* 

RMB 

42, 

2 

P 

65,4.5,  15 

55,2.8,23 

3,0.03,2 

45,  3.6,  6 

36,  3.8,  11 

3,  1,6 

83,  18.2,  23 

— 

— 

— 

— 

— 

18,0.91,2 

— 

P 

— 

53, 

14,22 

— 

35,  2.9,  8 

33,  1.7,  14 

3,  0.47,  5 

— 

14,0.43,3 

11,  1,  10 

P 

— 

— 

— 

— 

— 

— 

— 

— 

42,  4.6,  9 











9,  0.09,  1 

— 

— 

— 

42. 

17,22 

1,  1,  <1 

25,  6.4,  1  1 

37,  1.5,  14 

37,3.3,42 

— 

7,0.21,2 

— 

— 

— 

— 

5,0.5,  1 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

9,  0.27,  1 
P 

— 

— 

— 









16,2.9,27 

— 

— 

— 

— 

— 

— 

4,  0.74,  4 

— 

— 

— 

— 

17,  1.7,  3 

— 

— 

45,  4,  1  1 

11,  1.8,  9 

9,0.78,  10 

82,  17.3,  18 

7,  0.07,  2 

16,3,21 

100,28.3,  32 

— 

— 

— 

— 

— 

27,  3.6,  5 

— 

— 

— 

— 

— 

— 

— 

— 

54,  5.9,  8 

— 

13,2.  15 

— 

24, 

3,8 

— 

5,0.5,  1 

22,  1.5,  11 

— 

9,0.91,  1 

— 

P 

33,5,8 

— 

— 

— 

— 

— 

— 

86,  40.7,  52 

— 

— 

— 

— 

— 

— 

— 

18,0.73,2 

— 

— 

— 

— 

— 

— 

— 

— 

— 

21,0.64,5 

— 

— 

— 

— 

— 

— 

— 

18,0.91,2 

— 

11,  1,  10 

— 

— 

— 

10,0.3,2 

— 

'  — 

— 

— 

— 

— 

— 

P 

5,  0.05,  1 

11,0.18,3 

— 

45,  2.4,  5 

P 

— 

— 

3,  <1,1  5,0.05,1  P 

11,0.3,2  100,18.2,36  37,2.5,18  16,0.84,14  100,15.9,19        7,2.9,4  5,  <1,6  33,4.2.7 

—  —  —  —  —  9,  0.45,  1 

—  —  —  54,4.1,7 

80,21,34  P  50,4.7,13  7,0.55,4  100,18.6,21         64,10.4,22         21,5.31         75.12.1,1: 

—  —  —  —  —  9, 0.09,  1 


counterpart  of  Chamae daphne  calyculata.  The 
herbaceous  flora  is  dominated  by  grasses, 
sedges,  and  plants  common  to  prairies,  such 
as  Solidago  and  Rudbeckia.  Parnassia  glauca 
and  Selaginella  are  frequently  present  and  in- 
dicate extremely  calcium-rich  conditions. 
Common  shrubs  include  Betula  pumila,  Cor- 
nus  foemina,  C.  stolonifera,  Salix  pedicellahs, 
and  Toxicodendron  vernix.  The  bryophyte 
community  is  characterized  by  calcicolous 
species  such  as  Amblystegium  riparium  and 
Fissidens  adianthoides.  A  few  isolated  hum- 
mocks support  Sphagnum  fimbhatum  and  S. 


magellanicum.  Chara  (an  alga)  is  common  in 
pools  of  standing  water. 

Mineral-rich  fen:  This  type  of  peatland,  like 
the  previous,  has  a  strong  groundwater  influ- 
ence and  a  low  shrub  component  occupied  by 
Potentilla  fruticosa.  It  differs  in  that  its  sub- 
strate is  more  treacherous  (usually  floating), 
the  groundwater  is  not  under  pressure,  no  marl 
is  present  in  the  sediment  profiles,  and  ex- 
tremely calcicolous  species  such  as  Parnassia 
glauca  and  Selaginella  are  absent.  Scirpus 
acutus  is  a  significant  component  of  the  her- 
baceous flora,  and  Typha  is  a  common  asso- 
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Table  5. — Herbaceous  layer  vegetation  in  16  peatlands  in  northern  Indiana.  The  first  number  in  each 
cell  is  the  percent  frequency  for  each  species,  the  second  number  is  the  percent  cover,  and  the  third  number 
is  the  importance  value  for  each  species  in  the  respective  peatlands.  Peatland  acronyms  correspond  with 
Table  2.  A  "P"  means  the  species  was  present  in  the  herbaceous  layer,  but  occurred  outside  of  the  sampling 
quadrats.  *  Data  from  Swinehart  (1994). 

Fens  Tall-shrub  bogs 


Species  KI.l  SVF  BF  LCB  HB  THB  BLB 

Acer  rubrum  3, 0.03,  <  1  7, 0.07,  <  1  1 7. 0. 1 7,  2  P  33,  0.3,  5  20, 0.2, 4 

Alisma  subcordata  —  —  —  — 

Andromeda  glaucophylla  P  —  — 

Aronia  melanocarpa  33,  1, 6  40,  1.2, 9 

Betula  allegheniensis  —  —  — 

Betula  pwnila  3.0.17,1  7,0.3,1 

Bidens  sp.  3,0.17,1  11,0.11,1  28,1,3  20,8,15 

Calla  palustris  —  — 

Calopogon  pulchellus  P 

Caltha  palustris  P 

Cardamine  bulbosa  P  —  — 

Cardamine  pratensis  31,0.45,4  —  —  — 

Carex  crinita  —  —  7,  <1,  1  — 

Carex  lasiocarpa  3,  0.34,  1  —  — 

Carex  oligosperma  —  — 

Carex  rostrata  —  — 

Carex  sp.  80,  53, 45         —  17,  3, 4  7,  <1,  1 

Carex  trisperma 

Cephalanthus  occidentalis  29,  3,  4 

Chamaedaphne  calycidata  —  P  20,  1,  5 

Coptis  trifolia  —  —  —  — 

Cornus  foemina  7,0.33,1  4, 0.04,  <1 

Cornus  stolonifera  13,  0.57,  3        7,  0.86,  1  7,  0.22,  1 

C  us  cut  a  sp.  —  — 

Cypripedium  acaule  —  — 

Decodon  verticdlatus  —  P 

Drosera  intermedia  —  —  —  — 

Drosera  rotundifolia  17,0.17,2  P  69,0.69,6  33,0.3.5 

Dryopteris  spinulosa  —  — 

Didichium  arundinaceum  —  64,  34,  18         P  20,  2,  7 

Eleocharis  sp.  10.  1.2,  2  78,  13.2,  16 

Equisetum  fluviatile  4,  0.04,  <  1  — 

Equisetum  palustris  13,0.27,2        — 

Eriophorum  virginicum  —  P 

Eupatorium  macu/atum  P  P 

Eupatorium  perfoliatum  7,  <1,  1 

Galium  sp.  P  21.1.5 

Gaylussacia  baccata  — 

Hypericum  virginicum  33,0.85,3  22,0.87,3  36,4,5  60,12,28 

Ilex  verticillata  4,  0. 1 1 ,  <  1  1 7,  0. 1 7,  2 

Impatiens  capensis  17,1.6,4  14,0.59,2  64,6,8 

Iris  versicolor  4,  0.22,  1 

Isotria  verticillata 

J  uncus  sp.  1  1.0.18,  1  7,  <1,  1 

Leersia  oryzoides  50,  5,  6 

Lindera  benzoin 

Li  pa  ris  loesellii 

Liriodendron  tulipifera 

Lycopodium  lucidulum 

Lycopodium  obscurum 

Lysimachia  terrestris 

Lysimachia  thrysiflora  1 7,  0.52,  2 
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Table  5. — Extended. 


Leatherleaf  bogs 


Forested  peatland.' 


DSB 


LB 


YB 


BUR 


SH 


LAB 


MPB 


TAIVL 


RMB 


3,  <1,<1  15,0.25,2  4,0.11, 

P 

P  1 1, 4, 3  P  P 

15,0.35,4      —  7,0.3,  1 


3,  0.94,  2 


82,2.1,7  50,0.78,7  86,3,10  83.1.3.12 


14.0.36,2  3,  <1,  1 


17,0.17.2 


54,2.3,6  14.2.9,5  5,  <1,1  8,0.25.1 

7,  3.6,  5 

18.2.7,4 


14,0.43,2 


14,5,4 
78,24,  18 


6,  1.8,  3  11,2,2 

42,24,31        71,  19,  15 


20,  1.7,4 
15,  1.7,3 


30,  4,  7 
55,  14.2,  17 


74,  15.8,22 
11,0.41,2 


85,  46.5,  43 


3,0.47,  1 
94,  69,  72 


18,1.8,3  — 


8.  1.7.4 
33,  2.2.  8 

8.  0.42.  2 


40,  4.2,  8  7,  0.73,  2 

4,  0.04,  1 
P 


2,0.02,1         3,  <1,<1  5,0.05,1  4,0.37,1 


14,0.14,2 
7,0.21,  1  P 


45,  1.4,4  27.  1.3 

7,2.1,4  — 


4,  0.33,  1 


3,<1,<1 

14,  <1,2 

7,  <1,  1 
2,  0.02,  1         P 


18,0.36,2  — 
4,  0.55,  I                                             P 

20.1.4,4  11,0.33,2  3,0.31.1  —  7.1.4,3 

9,0.27,  1  7.0.21,  1 

81,7.1,  13  7.0.07,  1 


5,  <L  1 


75.  3.8.  16 
17.  1.7.5 


11.1.2 


14.0.14.  2 
P  P 


3,<1,<1  P 


7.0.71.  2 
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Table  5. — Continued. 


Fens 


Tall-shrub  bogs 


Species 


KLF 


SVF 


BF 


LCB 


HB 


THB 


BLB 


Maianthemum  canadense 
Menyanthes  trifoliata 
Mitchella  repens 
Nuphar  advena 
Nymphaea  odorata 
Nyssa  sylvatica 
Onoclea  sensibilis 
Osmunda  cinnamomea 
Osmunda  regalis 
Parnassia  glauca 
Parthenocissus  quinquefolia 
Pin  us  strobus 
Poaceae  (unidentified) 
Polygonum  sp. 
Populus  tremuloides 
Potentilla  anserina 
Potentilla  fruticosa 
Potentilla  palustris 
Prunus  serotina 
Quercus  palustris 
Quercus  rubra 
Ranunculus  sp. 
Rosa  palustris 
Rubus  allegheniensis 
Rubus  hispidus 
Rudbeckia  sp. 
Rumex  sp. 
Saggitaria  latifolia 
Salix  Candida 
Salix  pedicellaris 
Salix  serrissima 
Sarracenia  purpurea 
Scirpus  acutus 
Scirpus  americanus 
Scirpus  cyperinus 
Selaginella  sp. 
Solatium  dulcamara 
Solidago  sp. 
Spiraea  tomentosa 
Symplocarpus  foetidus 
Thelypteris  palustris 
Toxicodendron  radicans 
Toxicodendron  vernix 
Trientalis  borealis 
Triglochin  maritima 
Typha  sp(p). 
Ulmus  americana 
Urtica  procera 
Vaccinium  corymbosum 
Vaccinium  macrocarpon 
Vaccinium  oxycoccos 
Viola  blanda 
Viola  cucullata 
Viola  pal/ens 
Viola  sp. 

Woodwardia  virginica 
Unidentified  sedges 


7,  1.7,2 


4, 0.92,  1  22, 5.6,  7  —  — 

4,0.37,1  P  —  P 

P  7,  <1,  1 

44,13,13  26,7.4,9  —  33,30,29 


P 

3,  0.03,  1 

10,  1.8,3 


60,  20,  22         27,  7.8,  9 


4,  0.37,  1 


48,  4.4,  7 
15,0.59,2 


60,  10.6,26 


4,0.13,  <1 
4,0.04,  <1 

35,0.75,3 


3,0.17,  1 
3,0.33,  1 
3,0.17,  1 

10,0.9,2 
10,0.10,2        — 


7,  0.72,  1 
7,  0.38,  1 


18,  1,2 


13,0.3,  1 


4,0.04,  <1 
4,  0.04,  <  1 
18,  1.7,3 


39,  1.3,4 


35,  1.6,4 


7,  1,2 

34, 19, 17 

74,  19.5,  20 

4,  0.22,  1 

— 

— 

3,  0.33,  1 

P 

37,  0.93,  7 

— 

— 

— 

P 

= 

— 

— 

— 

— 

— 

— 

7,0.21,  1 

7,  0.37,  1 

— 

— 

— 

3,0.17,  1 

— 

— 

— 

— 

— 

13,0.57,3 

45,6,  10 

81,8,  12 

78,5.3,  11 

7,  <1,  1 

— 

— 

— 

4,0.04,  <1 

— 

— 

— 

— 

— 

— 

26,  1.7,4 

— 

33,  1.7,7 







4,  0.22,  1 





— 

90,  34,  34 

26,  1.2,3 

61,3.8,8 

P 

— 





7,  0.22,  1 



14,  <1,2 



— 

— 

P 

— 

— 

67,2.7,  13 

— 

— 

52,2.5,6 

52,  14.6,  18 

— 

— 



24,0.83,4 



P 





3,0.17,  1 

P 

— 

35,  0.35,  3 

— 

— 





44,0.81,4 







— 

— 

— 

— 

— 

100,  15.3? 

— 

— 

— 

34,0.91,5 

35,  1,4 

— 
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Table  5. — Continued  -  Extended. 


DSB  LB 


Leatherleaf  bogs 


Forested  peatlands 


YH 


BUR 


SI  I 


LAB 


MPB  TAIVL 


RMB 


5,  1,  1 


4,0.18,  I 


45,  3.5.  7  71,1 3.2.  25         97,  24,  29         58.  2.5.  1 2 

9,0.91,2 

P 

7,  1.4,  3 

57,6.2.  15 
P  8,  0.25,  1 

45,  6.8,  10  14.  1.3,  3  73.  6.  1  1  42,  3.8,  13 

P  —  —  — 


4,2,3 


5,  1,  1 


54,  2.4,  6 


7,0.21.  1 


13,  1,2 


8,  0.83,  3 


P  P 

5,0.15,  1 

1 8,  4,  3 
44,3,  14  20,  1.3,3 


3.0.16,  1 


7,  0.07.  1 
18,0.54,2         — 
18,0.73,2         — 


22,  1,  3 
13.1.2 


8.0.25.  1 
16,  1,2 
57,6.  10  8.0.25.  1 


11,  <L  1 


P 
P 

15.  1.4,3  P 


P 
P 

9.0.27,  1 


27,  li,  16        P 


10,0.2,  1 


15,3.7,5 


30.0.8,4  4,0.18,  1 


54,7.7,  12  — 
36,  0.73.  3  — 
18,0.36,2         43,  1.3.7 


8,  0.83.  3 


89,7.  13  25,0.75.4 


29,  5,  4 


7,0.3,  1 


24,  2.7,  8         —  20,  3.5,  5 

10,2,2  30,7.7,9  7,  1.8.2 

9,3,5  10,2,3  22,3.2,6 


p 

— 

— 

— 

27,  0.27,  2 

— 

— 

— 

— 

21,0.5.3 

1' 

8.  1.7.4 

36,  2.7,  5 

21.  1.5.4 

1  1. 

1,2 

25.  1.5.6 

9,  0.27,  1 

— 

— 

— 

29,7,14  36,15,10  35,17.6,18         48.8.8,13  34,16.7,22 

14,  1,  1  —  —  — 


64,  2.2,  6 


7,0.21,  1 
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Table  6. — Bryophytes  from  16  peatlands  in  northern  Indiana.  The  first  number  in  each  cell  is  the  percent 
frequency  for  each  species,  the  second  number  is  the  percent  cover,  and  the  third  number  is  the  importance 
value  for  each  species  in  the  respective  peatlands.  Peatland  acronyms  correspond  with  Table  2.  A  "P" 
means  the  species  was  present  in  the  ground  layer,  but  occurred  outside  of  the  sampling  quadrats. 


Fens 


Tall-shrub  bogs 


Species 


KLF 


SVF 


Bl 


LCB 


HB 


THB 


BLB 


Amblystegium  riparium  4.  I  1 .9,  55        — 

Aulacomnium  palustre  P  7,1,2 

Bryuin  pseudotriquetrwn  3,  0.03,  1 

Callicaldium  haldanianum 

Calliergon  cordifolium 

Calliergon  giganteum 

Calliergonella  cuspidata 

Campylium  polygamum 

Campylium  st  el  latum 

Climacium  americanwn 

Drepanocladus  fluitans 

Drepanocladus  sp. 

Eurynchium  hyans 

Fissidens  adianthoides 

Helodium  paludosum 

Hypnum  pratense 

Isopterygium  elegans  P 

Leucobyrwn  albidum 

Lophocolia  heterophylla  3,  0.3,  1 

Mnium  affine  var.  ciliare  3,  2.7,  8 

Mnium  affine  var.  rugicum  3,  0.69,  3 

Mnium  cuspidatum 

Pallavicinia  lyellii 

Philonotis  fontana 

Plagiothecium  denticulatum       — 

Polytrichia!!  strictum 

Rhynchostegium  serrulatum        — 

Riccia  fluitans  P 

Sphagnum  affine 

Sphagnum  bartlettianuni 

Sphagnum  capillifolium 

Sphagnum  centrale 

Sphagnum  cuspidatum 

Sphagnum  fallax 

Sphagnum  fimbriaturn  P  10,7.21 

Sphagnum  fuscum 

Sphagnum  isoviitae 

Sphagnum  magellanicwn  3,  1,5 

Sphagnum  palustre 

Sphagnum  papillosum 

Sphagnum  recurvum 

Sphagnum  russowii 

Sphagnum  sp. 

Sphagnum  squarrosum 

Sphagnum  teres  P 

Sphagnum  warnstorfii 

Tetraphis  pellucida 

Thuidium  allenii 

Thuidium  delit  atulum 


56,  7.7,  22 


7,  <1,  1 
7.  <1,  1 


28,  1,3 


33,6.7,  14 


20,  0.02,  7 


— 

59,  5.8.  35 

44,5.1,29 

4,  0.04,  1 

— 

17,2.7,  13 

7,  0.92,  5 

— 

— 

7,  0.45,  3 

74,  15.7,65 

— 

— 

14,  1.5.9 

— 

— 

23,  6,  30 







3,  0.03.  2 

21,  1.4.  11 

— 

— 

20,6,  10 


9,  0.09.  3 


33,  1.7,5 


P 

13.7,9 

39,  25.7,  29        28,  25.  1  1         — 


40,  26.  28 


26,19.1,21        — 


100.71.7.75 

33,  1.7,5  60,59.8,54 


17,  12.6.  14 
4,  0.43,  2 


ciate.  Other  typical  herbaceous  species  in- 
clude Drosera  rotundifolia,  Eleochahs  spp., 
Osmunda  regalis,  Thelypteris  palustris  and 
Viola  blanda.   Menyanthes  trifoliata,   Sarra- 


cenia  purpurea  and  Vaccinium  macrocarpon 
are  often  present  locally.  Shrubs  are  occasion- 
al on  these  open  fens.  Toxicodendron  vernix 
is  by  far  the  most  abundant.  Betula  pumila, 
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Table  6. — Extended. 

Leatherleaf  bogs 


DSB  LB  YB  BUR  SH 


Forested 

peatlands 

LAB 

MPB 

TAM* 

RMB 

18,  1.4.  5 

— 

— 

17.  2.9.  7 

P 

21.  1.7,  13 

40.  1.11 

67.  12.1.  27 





24.  1 .  8 



— 

— 

— 

8,  0.83.  3 

9,0.91,3 







— 

7.0.71.5 

— 

— 

84,16,29  12.  <  1.1  25.3.2.7  18,3.7.7  6,0.47.3 


9.  3.6,  6 


7,  2.1,  10 
21,2.5,  16 


36,  1.3.  15         27,  <1. 


P 
9,0.88.2  35,2.1.9  7.  1.7.  3 


13,  <  1,5 
36.5.3.14  57.3.8.31         76.5.30  42.3.12 

13.  <1.5 

5.  1.4  8.0.08.2 

P  P  P 

54,  1 4.4.  29        7.  0.36.  3  42.  1  1 .3.  2  1 
13.4.7,6                                        10,2.2,3             37.8.5,  15 

20.  7.5.  9 

25,  12.  8  30,  25.2,  23        84.  66.5.  69 

53.23,27  —  —  —  —  —  50.17.9.29 

2.0.22.1  15,9,8  7.0.48,2  7.0.36.3 

38,  7.8,  13  4.  <  1 ,  I  60,  26.5,  28        4,  0.37.  1  41 .  23.9.  29 

4,3,2  —  —  —  <1,  <1,3 

67,  36.7.  40  — 
31,1 6.6,  18          4,  2,  I                60,  37. 1 ,  34        7,  2.2,  3  3.  2.  6 


18,0.36.4  7.  0.36.  3  30.  2.  12 

18,  0.91,  5 

54.  13.  27  5.  <l.4 


Cornus  foemina,   C.  stolonifera,  Rosa  pains-  ery  of  the  mat  where  the  substrate  is  more 

tris,  Salix  pedicellaris  and  Spiraea  tomentosa  stable.  Closer  to  the  upland,  where  the  peat  is 

are  also  common.  Larix  laricina  is  present  lo-  grounded,   trees  of  Acer  rubrum,   Betula  al- 

cally  and  usually  is  found  around  the  periph-  legheniensis    and    Populus    tremuloides    are 
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Table  7. — Aquatic  layer  vegetation  from  16  peatlands  in  northern  Indiana.  The  first  number  in  each  cell 
is  the  percent  frequency  for  each  species,  the  second  number  is  the  percent  cover,  and  the  third  number 
is  the  importance  value  for  each  species  in  the  respective  peatlands.  Peatland  acronyms  correspond  with 
Table  2.  A  "P"  means  the  species  was  present  in  the  ground  layer,  but  occurred  outside  of  the  sampling 
quadrats. 


Fens 

Tall-shrub  bogs 

Species 

KLF 

SVF 

BF 

LCB                     HB 

THB 

BLB 

Char  a  sp. 

P 

— 

P 

—                       — 

— 

— 

Lemna  minor 

— 

3,0.17,52 

4,  0.04,  1 1 

—                       — 

— 

P 

Lemna  trisulca 

— 

P 

— 

— 

— 

Potamogeton  sp. 

— 

— 

7,  0.07,  22 

P                         — 

— 

— 

Ranunculus  longirostrus 

— 

— 

— 

—                       — 

— 

— 

Riccia  fluitans 

— 

3,  0.03,  24 

— 

—                       35,  <1,  100 

— 

— 

Utricularia  intermedia 

— 

3,  0.03,  24 

22,  0.22,  67 

30,  1.39,87       — 

— 

— 

Utricularia  vulgaris 

P 

P 

— 

4,0.22,13 

P 

— 

Utricularia  sp. 

— 

— 

— 

—                       — 

— 

P 

Wolffia  sp. 

— 

— 

— 

—                       — 

— 

— 

common.  The  bryophyte  community  is  char- 
acterized by  Calliergonella  cuspidata,  Cam- 
pylium  polygamum  and  C.  stellatum.  Other 
common  alkaliphilic  bryophytes  include 
Bryum  pseudotriquetrum,  Drepanocladus  flui- 
tans, Fissidens  adianthoides,  Isoptergyium 
elegans,  and  Mnium  affine  var.  rugicum. 
Sphagnum  forms  isolated  hummocks,  and  in- 
cludes S.  fimbriatum,  S.  fuscum,  S.  palustre, 
S.  teres  and  S.  warnstorfii.  Sphagnum  warns- 
torfii,  recovered  from  Binkley  Fen,  is  a  new 
record  for  Indiana  (Swinehart  &  Andrus 
1998).  Central  ponds  of  open  water  are  oc- 
cupied by  Nuphar  advena  and  Nymphaea  tub- 
erosa.  Submergent  macrophytes  include  Cer- 
atophyllum  demersum  and  Potamogeton  spp. 
Water-filled  pools  within  the  mat  are  frequent- 
ed by  Chara  sp.,  Lemna  minor,  L.  trisulca, 
Riccia  fluitans,  Utricularia  intermedia  and  U. 
vulgaris. 

Mineral-rich  tall-shrub  bog:  Tall-shrub 
bogs  of  this  type  are  relatively  mineral-rich, 
and  the  substrate  is  extremely  treacherous. 
They  are  distinguished  from  fens  in  that  their 
surface  has  become  dominated  by  Sphagnum. 
Where  brown  mosses  once  thrived,  Sphagnum 
fimbriatum  (characteristic),  S.  palustre,  S.  ter- 
es, and  Aulacomnium  palustre  dominate. 
Many  of  the  Sphagna  form  level  carpets, 
while  S.  fimbriatum  often  forms  hummocks 
around  the  stems  of  shrubs.  Toxicodendron 
vernix  forms  dense  stands  and  is  nearly  un- 
avoidable when  traversing  these  peatlands  on 
foot,  as  it  offers  the  only  reliable  support  on 


the  treacherous  mat.  Other  common,  charac- 
teristic shrubs  include  Acer  rubrum,  Cephal- 
anthus  occidentalis,  Rosa  palustris  and  Salix 
pedicellaris.  Cornus  foemina,  C.  stolonifera, 
Ilex  verticillata,  Salix  Candida,  Spiraea  to- 
mentosa,  and  Vaccinium  corymbosum  are  in- 
frequent locally.  The  few  trees  that  occur  near 
the  periphery  of  these  bogs  include  Acer  rub- 
rum,  Populus  tremuloides  and  Quercus  pal- 
ustris. Herbaceous  species  are  quite  variable, 
but  usually  include  Dulichium  arundinaceum, 
Hypericum  virginicum  and  Thelypterus  pal- 
ustris. Calopogon  pulchellus,  Drosera  rotun- 
difolia,  Menyanthes  trifoliata,  Osmunda  re- 
galis,  Potentilla  palustris,  Sarracenia 
purpurea,  Triglochin  maritima  and  Vaccinium 
macrocarpon  are  present  locally.  Pools  of  wa- 
ter in  the  mat  are  common.  They  are  occupied 
by  Lemna  minor,  Potamogeton  spp.,  Riccia 
fluitans,  Utricularia  intermedia  and  U.  vul- 
garis. 

Leatherleaf  bog:  The  vegetation  assemblag- 
es of  leatherleaf  bogs  vary  relatively  little 
among  different  peatlands.  All  leatherleaf 
bogs  are  characterized  by  a  low  shrub  cover 
of  Chamaedaphne  calyculata.  Woodwardia 
virginica  is  also  characteristic  of  these  peat- 
lands, often  forming  a  distinct  zone  in  wetter 
areas.  In  most  leatherleaf  bogs,  cranberries 
{Vaccinium  macrocarpon  and  V.  oxycoccos) 
are  associated  with  both  Woodwardia  and 
Chamaedaphne.  Other  herbaceous  layer  spe- 
cies common  to  nearly  all  leatherleaf  bogs  in 
Indiana     include    Andromeda    glaucophylla, 
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Table  7. — Extended. 


Leatherleaf  bogs 


DSB  LB 


YB         BUR         SH 


Forested  peatlands 


LAB 


MPB      TAM* 


RMB 


—  <1,  <1,  1 

P 
P 
P 

36,  3,  99 

—  P 


P 


9,  0.09,  100 

P 


8,0.08,  100 


Carex  oligosperma,  C.  rostrata,  Decodon  ver- 
ticillotus,  Drosera  spp.  (D.  rotimdifolia  and/ 
or  D.  intermedia),  Dulichium  arundinaceum, 
Hypericum  virginicum,  Sarracenia  purpurea, 
Scirpus  cyperinus  and  Vaccinium  corymbos- 
um.  Shrubs  are  sparse  on  the  mat,  except  for 
a  few  sites  where  dense  "islands"  of  Vaccin- 
ium corymbosum  are  forming  in  dryer  areas. 
Other  characteristic  shrubs  found  scattered  on 
the  mat  include  Acer  rubrum,  Aronia  melan- 
ocarpa,  Nemopanthus  mucronatus  and  Toxi- 
codendron vernix.  Cephalanthus  occidentalis 
always  dominates  the  standing  waters  of  the 
lagg.  Acer  rubrum  and  Quercus  palustris  are 
infrequent  as  trees  on  the  mat.  Curiously,  La- 
rix  laricina,  a  common  component  of  leath- 
erleaf bogs  in  Michigan  and  other  Great  Lakes 
and  northern  localities,  was  absent  from  all  of 
the  leatherleaf  bogs  studied.  It  does,  however, 
occur  in  abundance  at  Pinhook  Bog,  a  leath- 
erleaf bog  in  LaPorte  County,  Indiana  (Wilcox 
1982).  The  surface  of  the  leatherleaf  bogs  is 
characteristically  level;  and  complexes  of 
clearly  defined  hummocks  and  hollows,  com- 
mon in  northern  peatlands  (see  Vitt  et  al. 
1975),  are  essentially  absent.  The  Sphagna, 
rather  than  occurring  as  a  gradient  of  species 
according  to  the  hydrology  and  chemistry  of 
hummocks  and  hollows,  are  more  often  rep- 
resented by  only  a  few  species  common  to  the 
extreme  conditions.  In  animal  trails  and  other 
low,  wet  depressions  and  pools,  Sphagnum 
cuspidatum  dominates.  In  drier  areas  and 
raised    "hummocks,"    more    drought-tolerant 


species  such  as  S.  magellanicum  and  S.  pap- 
illosum (and  infrequently,  S.  capillifolium) 
dominate.  These  relatively  dry  areas  usually 
harbor  the  xerophyte  Polytrichum  strictum.  In 
more  or  less  level  "carpets,"  S.  recurvum  and 
S.  bartlettianum  are  most  common;  and  S.fal- 
lax  and  S.  isoviitae  are  occasional.  Near  the 
more  mineral-rich  waters  of  the  lagg,  5".  cen- 
trale,  S.  fimbriatum,  S.  palustre  and  S.  squar- 
rosum  may  be  present.  Aulacomnium  palustre 
is  ubiquitous  in  leatherleaf  bogs,  and  it  was 
also  found  in  all  of  the  other  peatlands  with 
the  exception  of  Binkley  Fen. 

Mineral-poor  tall-shrub  bog:  These  peat- 
lands are  characterized  by  a  nearly  impenetra- 
ble cover  of  shrubs.  Vaccinium  coiymbosum 
always  dominates,  and  Aronia  melanocarpa 
and  Nemopanthus  mucronatus  are  subdomi- 
nant.  The  vegetation  indicates  that  these  tall- 
shrub  communities  developed  from  leatherleaf 
bogs.  Both  representatives  in  this  study  (Blue- 
berry and  Thompson  Bogs),  have  remnant, 
depauperate  specimens  of  Chamaedaphne  ca- 
lyculata  surviving  in  the  few  patches  where 
shrubs  have  not  crowded  them  into  extinction. 
Woodwardia  virginica,  another  characteristic 
leatherleaf  bog  species,  is  also  remnant  in 
these  tall-shrub  bogs.  Other  understory  flora 
is  variable  and  relatively  scarce  due  to  the 
dense  shrub  layer.  The  lagg  waters,  like  leath- 
erleaf bogs,  are  occupied  almost  exclusively 
by  Cephalanthus  occidentalis.  The  bryophyte 
flora,  like  some  of  the  vascular  plants,  sug- 
gests that  these  peatlands  are  old  leatherleaf 
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bogs.  Not  only  is  the  underlying  peat  com- 
posed of  a  thick  stratum  of  Sphagnum  (Swine- 
hart  &  Parker  2000),  but  the  present  Sphagna 
are  the  same  species  that  characterize  leath- 
erleaf  bogs.  In  wet  areas,  S.  cuspidatum  is 
common.  In  moist  areas,  S.  recurvum  forms 
carpets,  and  low  hummocks  harbor  S.  magel- 
lanicum.  A  few  other  species,  namely  S.  affine 
and  S.  palustre,  indicate  more  shaded  and 
mineral-rich  conditions.  Leucobryum  albidum, 
common  in  moist,  shaded  areas,  was  found  in 
Blueberry  Bog  and  represents  a  new  Indiana 
record  (Swinehart  &  Andrus  1998). 

Forested  peatland:  Forested  peatlands  are 
characterized  by  a  canopy  dominated  by  Acer 
rubrum.  Larix  laricina  was  present  in  all  of 
the  sites  included  in  the  present  study,  but 
many  individuals  were  dead  and  most  of  the 
living  specimens  were  etiolated  and  depau- 
perate as  a  result  of  shading  by  A.  rubrum. 
Other  members  common  in  the  tree  layer  in- 
clude Acer  saccharinum,  Primus  serotina, 
Quercus  palustris  and  Ulmus  americana.  Bet- 
ula  allegheniensis,  Fag  us  grandifolia,  Fraxi- 
nus  pennsylvanica,  Liriodendron  tulipifera, 
Nyssa  sylvatica  and  Sassafras  albidum  were 
infrequent  locally.  Pinus  strobus  was  a  dom- 
inant member  of  the  canopy  at  Mount  Pleasant 
Bog,  and  the  presence  of  individuals  in  both 
the  shrub  and  herbaceous  layers  suggests  that 
the  species  will  persist  well  beyond  the  de- 
mise of  Larix,  which  never  reproduces  in  the 
understory  of  these  forested  peatlands.  A  sin- 
gle individual  of  P.  strobus  was  also  found  at 
Ropchan  Memorial  Bog.  The  shrub  canopy  in 
forested  peatlands  is  dominated  by  Acer  rub- 
rum, Aronia  melanocarpa,  Ilex  verticillata, 
Nemopanthus  mucronatus,  Toxicodendron 
vernix  and  Vaccinium  corymbosum.  Amelan- 
chier  laevis,  Lindera  benzoin  and  Rosa  pal- 
ustris are  more  local.  Other  shrubs  include 
Gaylussacia  baccata  and  Nyssa  sylvatica.  The 
herbaceous  flora  is  characterized  by  Bidens 
cernua,  Maianthemum  canadense,  Osmunda 
cinnamomea  and  Trientalis  borealis.  Other 
notable  but  more  local  herbaceous  species  in- 
clude Carex  trisperma,  Coptis  trifolia,  Cyp- 
ripedium  acaule,  Dryopterus  spinulosa,  Iso- 
tria  verticillata,  Lycopodium  lucidulum,  L. 
obscurum,  Mitchella  repens  and  Rubus  hispi- 
dus.  Acer  rubrum  seedlings  are  always  abun- 
dant, indicating  the  importance  of  this  species 
in  the  long-term  composition  of  the  tree  can- 
opy.   The    most   characteristic    and   abundant 


bryophyte  of  forested  peatlands  in  Indiana  is 
Pallavicinia  lye  I  Hi.  Although  it  often  forms  on 
decaying  tamarack  root-stocks,  it  also  forms 
hummocks  on  exposed  peat.  The  hummocks 
are  composed  almost  entirely  of  the  undecom- 
posed  tissue  of  dead  individuals,  while  the 
surface  is  colonized  by  living  individuals.  The 
species  is  considered  an  acidophile  (H.A. 
Crum,  pers.  commun.);  and,  consequently,  it 
is  usually  found  on  peat  having  a  pH  between 
3.5—4.5.  Other  common  bryophytes  include 
Mnium  affine  var.  ciliare,  Rhynchostegium 
serrulatum,  Sphagnum  affine,  Tetraphis  pel- 
lucida  and  Thuidium  delicatulum.  Additional 
species  are  more  local  in  distribution  (see  Ta- 
ble 6). 

Variability  of  the  vascular  plant  com- 
munities.— Alkalinity  (indicative  of  the  mag- 
nitude of  groundwater  influence)  and  woody 
plant  cover  (indicative  of  serai  stage  in  terms 
of  substrate  density  and  moisture  saturation) 
explained  21.5%  of  the  variability  in  the  plant 
communities  of  the  herbaceous  layer. 

Alkalinity:  Canonical  Correspondence 
Analysis  (CCA)  of  herbaceous-vascular  flora 
(composition  and  cover)  distinctly  separated 
fens  (Binkley,  Kiser  and  Svoboda)  from  all 
other  peatlands  on  the  basis  of  alkalinity  and 
pH  (Fig.  2).  Leatherleaf  bogs  were  tightly 
clustered  at  the  mineral-poor  end  of  the  gra- 
dient, but  the  other  peatland  types  were  more 
loosely  clustered  (Fig.  2).  This  tight  clustering 
is  attributed  to  the  fact  that  leatherleaf  com- 
munities have  become  as  acid  and  mineral- 
poor  as  climatic  and  edaphic  conditions  will 
allow,  favoring  plant  assemblages  of  close 
compositional  affinity.  In  the  case  of  fens, 
acidification  of  the  substrate  by  brown  moss- 
es, and  continued  separation  from  the  effects 
of  groundwater  due  to  sedimentation,  will 
cause  some  peatlands  to  progressively  migrate 
to  the  mineral-poor  end  of  the  spectrum.  Bink- 
ley Fen,  already  exhibiting  large  expanses  of 
colonizing  Sphagnum  mosses,  is  an  example 
of  this  process,  hence  its  position  on  the  lower 
end  (relatively)  of  the  alkalinity  gradient  (Fig. 
2).  In  contrast,  Kiser  Lake  Fen  is  far  removed 
from  Binkley  Fen  because  it  is  extremely  min- 
eral-rich due  to  an  artesian  water  supply  and 
the  presence  of  marl  under  the  peat.  The  tall- 
shrub  bogs  and  forested  peatlands,  due  to  their 
variable  origins  (having  arisen  from  either 
fens  or  bogs),  are  loosely  clustered,  each 
showing  either  mineral-rich  or  mineral-poor 
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CCA  Axis  1  (eigenvalue  =  0.778) 


CCA  Axis  1  (eigenvalue  =  0.788) 


LeatherleafBogs     Q  Fens      @  Tall-shrub  Bogs 


Forested  Peatlands 


Figure  2. — Canonical  Correspondence  Analysis  (CCA)  showing  the  relationship  of  the  vegetation  com- 
position and  cover  and  four  environmental  variables  in  16  Indiana  peatlands.  Plot  "a"  is  vascular  flora, 
and  plot  "b"  is  bryophyte  flora.  Length  of  arrows  represents  represents  relative  strength  of  the  regression 
for  the  respective  variables. 


affinities  according  to  their  respective  devel- 
opmental pathways.  This  is  supported  by  the 
stratigraphic  and  palaeoecological  data  pre- 
sented by  Swinehart  &  Parker  (2000). 

Woody  plant  cover:  In  addition  to  ground- 
water influence,  serai  position  was  a  major 
source  of  variability  in  the  herbaceous  vege- 
tation of  the  peatlands.  Serai  position  in  these 


lake-fill  peatlands  is  indicated  by  the  amount 
of  shrub  and  tree  cover.  Growth  of  this  woody 
vegetation  is  favored  by  build-up  of  sediment 
to  the  point  where  the  surface  becomes  dryer 
and  firm  enough  to  support  the  weight  of  the 
plants.  As  a  consequence  of  this  drying,  de- 
composition accelerates  and  increases  nutrient 
availability  (Kratz  &  Dewitt  1986).  With  the 
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colonization  of  dense  shrubs  or  a  forest  can- 
opy, light  becomes  limiting  for  heliophilic 
species. 

Forested  peatlands  were  distinctly  separated 
from  the  other  peatlands  (Fig.  2).  The  distinc- 
tion between  the  herbaceous  vegetation  in  the 
forested  peatlands  and  the  tall-shrub  bogs  sug- 
gests that  either  light  and/or  edaphic  condi- 
tions were  significantly  different.  The  re- 
sponse of  the  bryophytes  to  forest  and  shrub 
cover,  discussed  below,  would  suggest  that 
moisture  was  the  primary  factor  distinguish- 
ing the  herbaceous  vegetation  of  these  peat- 
lands. 

Variability  of  the  bryophyte  communi- 
ties.— Alkalinity:  The  four  types  of  peatland 
were  not  as  clearly  separated  on  the  basis  of 
the  response  of  the  bryophyte  community  to 
alkalinity  (Fig.  2).  The  character  of  individual 
peatlands  along  the  gradient  was  more  appar- 
ent, suggesting  that  the  bryophyte  flora  is  a 
better  indicator  of  trophic  condition  than  the 
vascular  flora.  According  to  Crum  (1988), 
vascular  plants  have  a  higher  trophic  plasticity 
than  mosses  and,  therefore,  mosses  are  better 
indicators  of  habitat. 

Leatherleaf  bogs  were  clustered  tightly  at 
the  mineral-poor  end  of  the  gradient  (Fig.  2). 
Bryophyte  communities  of  tall-shrub  peat- 
lands and  forested  peatlands  shared  affinities 
with  either  mineral-rich  or  mineral-poor  con- 
ditions, depending  on  their  serai  origin  (fen  or 
bog,  respectively).  Kiser  Lake  Fen  was  dis- 
tinctly separated  from  the  other  fens  and  for- 
ested peatlands  due  to  its  extreme  mineral- 
rich,  artesian  water  flow. 

Woody  plant  cover:  Shrub  cover  was  a  rel- 
atively insignificant  factor  in  the  ordination  of 
the  peatland  bryophyte  communities  (r2  < 
0.2).  However,  tree  basal  area  distinguished 
the  bryophyte  communities  of  forested  peat- 
lands from  all  other  peatland  types.  While 
thick  tree  cover  may  have  influenced  the  bryo- 
phyte communities  by  limiting  light,  the  pres- 
ence of  a  forest  infers  a  dryer  substrate,  and 
this  may  have  been  a  more  important  factor. 
Many  of  the  bryophyte  communities  of  tall- 
shrub  bogs,  which  exhibited  nearly  impenetra- 
ble shrub  canopies,  are  closely  associated  with 
leatherleaf  bogs  in  the  ordination.  Since  light 
in  these  tall-shrub  bogs  is  significantly  re- 
duced (as  it  is  in  forested  peatlands),  it  might 
be  concluded  that  the  moisture  saturation  of 
the  substrate  is  a  more  important  factor  in  dis- 


tinguishing the  bryophyte  communities  of  for- 
ested peatlands  and  tall-shrub  bogs.  The  pro- 
gressively firmer  and  dryer  substrate  that 
favored  the  establishment  of  trees  also  favored 
a  transition  from  bog  and  fen  bryophytes  to 
lowland  forest  species. 

Development  of  the  hydrosere. — Analysis 
of  the  bathymetry  (Swinehart  1997),  stratig- 
raphy and  subfossil  composition  (Swinehart  & 
Parker  2000)  of  peatlands  in  Indiana,  coupled 
with  the  present  floral  survey  of  the  existing 
representatives  of  the  various  types  and  stages 
of  peatlands  in  the  area,  supports  the  follow- 
ing conclusions  about  their  development:  1) 
basin-type  peatlands  in  the  southern  Great 
Lakes  region  have  a  "monophyletic"  origin 
as  a  lake  or  pond  which,  for  various  reasons, 
develops  into  a  peat-forming  fen,  2)  subse- 
quent to  the  open  fen  stage,  the  successional 
pathway  becomes  bi-directional;  and  depend- 
ing on  the  morphometric  and  hydrologic  char- 
acteristics of  the  basin  (Swinehart  1997), 
some  of  the  fens  become  mineral-poor  leath- 
erleaf bogs,  while  others  do  not,  and  3)  re- 
gardless of  their  inherent  mineral  richness,  all 
Indiana  peatlands  are  succeeded  by  a  forest 
dominated  by  Acer  rubrum.  Open  fens  that 
were  favorable  to  rapid,  large-scale  coloniza- 
tion by  Sphagnum  mosses  developed  into 
leatherleaf  bogs  (Swinehart  1997;  Swinehart 
&  Parker  2000).  Leatherleaf  bogs,  as  their 
substrate  becomes  more  stable  (and  conse- 
quently less  wet),  are  succeeded  by  a  tall- 
shrub  community  characteristic  of  acid,  rela- 
tively mineral-poor  conditions  (mainly 
Vaccinium  corymbosum,  Aronia  melanocarpa 
and  Nemopanthus  mucronatus).  Any  Larix 
trees  that  pioneer  the  increasingly  stable  sub- 
strate are  quickly  displaced  by  Acer  rubrum. 
The  latter  is  better  able  to  withstand  the  oc- 
casional flooding  that  results  from  grounding 
of  the  mat  (Moizuk  &  Livingston  1966),  and 
it  is  tolerant  of  shade  in  the  understory.  In 
contrast,  Larix  is  shade  intolerant  and  fares 
poorly  in  flooded  conditions  (Duncan  1954). 
Grounding  of  the  mat  favors  decomposition  of 
the  surface  of  the  peatland  to  the  point  where 
it  nearly  equals  productivity,  causing  muck 
(rather  than  peat)  to  form.  Nutrient  availability 
is  increased  slightly,  but  the  acid  conditions, 
coupled  with  shade  provided  by  the  dense 
canopy  of  arborescent  trees  results  in  a  sparse 
subcanopy  cover  of  acid  and  shade  tolerant 
herbs. 
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If  morphometric  and  hydrologic  character- 
istics of  a  fen  basin  are  not  favorable  to  rapid, 
large-scale  colonization  of  the  open  mat  by 
Sphagnum  mosses,  alkaliphilic  shrubs  invade 
centripetally  as  the  substrate  becomes  pro- 
gressively suitable  for  their  growth.  Sphag- 
num may  accompany  this  invasion,  but  only 
as  a  peripheral  ring  or  as  isolated  hummocks 
under  the  canopy  of  shrubs  and  small  trees. 
Eventually,  after  the  peat  becomes  dense 
enough  to  sufficiently  reduce  groundwater  in- 
fluence, Sphagnum  may  colonize  the  entire 
surface  of  the  peatland.  However,  the  substrate 
is  already  grounded,  or  nearly  so,  and  the 
shrub  canopy  is  well-developed.  Shade  from 
the  shrubs  and  nutrients  released  from  decom- 
position of  the  surface  peat  (due  to  grounding) 
will  limit  typical  bog  species  and  favor  spe- 
cies typical  of  forested  peatlands.  Red  maple 
establishes  early  and  eventually  forms  a  dense 
lowland  forest  (Swinehart  &  Parker  2000). 

Unlike  peatlands  of  the  northern  Great 
Lakes  region  and  other  northern  localities  in 
North  America,  conifers  do  not  characterize 
the  later  stages  of  the  peatland  hydrosere  in 
Indiana.  In  many  cases,  they  are  absent  en- 
tirely, even  in  the  early  stages  of  peatland  de- 
velopment. In  Canada  and  northern  Michigan, 
mineral-poor  peatlands  become  dominated  by 
Picea  mariana  and  mineral-rich  peatlands  by 
Thuja  occidentalis  (Crum  1988).  Picea  mari- 
ana is  not  known  from  Indiana  during  historic 
times,  and  Thuja  occidentalis  is  extremely 
rare  and  found  only  near  Lake  Michigan 
(Deam  1940). 

Acer  rubrum  is  the  tentative  climax  species 
in  Indiana  peatlands,  in  southwest  Michigan 
(Crow  1969a),  and  northeast  Ohio  (Andreas 
&  Bryan  1990).  It  is  dominant  in  the  canopy 
and  prolific  in  the  understory.  A  graphic  rep- 
resentation of  the  size  class  distribution  of 
Acer  rubrum  trees  in  forested  peatlands  shows 
a  classic  reverse  "J" -shaped  curve,  typical  of 
species  destined  to  replace  themselves  in  their 
own  shade.  The  transient  nature  of  pioneer 
species  such  as  Betula  allegheniensis  and  La- 
rix  laricina  is  indicated  by  a  bell-shaped  dis- 
tribution representing  the  eventual  extinction 
of  the  species  for  lack  of  seedling  and  sucker 
survival  due  to  shade. 

The  dominance  of  red  maple  in  the  later 
stages  of  peatland  development  in  the  south- 
ern Great  Lakes  region,  unlike  that  of  black 
spruce  in  the  North,  can  be  attributed  to  com- 


petitive success.  Red  maple  is  not  an  oppor- 
tunist that  exists  in  these  peatlands  due  to  un- 
contested survival  (as  in  black  spruce  of  the 
northern  Great  Lakes  region  (Crum  1988)). 
but  rather  it  thrives  and  out-competes  poten- 
tial competitors  such  as  Quercus  palustris. 
Whether  red  maple  is  truly  the  ultimate  edaph- 
ic  climax  species  for  the  peatland  hydrosere 
of  the  region  is  uncertain.  If  an  equilibrium  of 
productivity  and  decomposition  exists  in 
grounded  peat,  as  suggested  by  Kratz  & 
DeWitt  (1986),  the  structure  and  composition 
of  the  vegetation,  barring  any  major  hydrolog- 
ical  or  elevation  change  or  other  major  dis- 
turbance, would  likely  remain  steady — favor- 
ing the  continued  existence  of  a  red 
maple-dominated  lowland  forest.  If,  however, 
a  slight  surplus  of  productivity  occurred  as  in- 
dicated by  Swinehart  &  Parker  (2000),  mucky 
soil  might  eventually  accumulate  high  enough 
to  become  relatively  dry  or  mesic.  If  this  hap- 
pened, the  existence  of  a  complete  hydrosere 
from  open  water  to  a  forest  of  terrestrial  af- 
finity is  not  impossible.  Mount  Pleasant  Bog 
(Laporte  County)  may  be  an  early  example  of 
this.  The  substrate  is  firm  and  dry  in  most 
places,  and  Pinus  strobus  grows  to  maturity 
and  reproduces  successfully.  Large  specimens 
of  Fagus  grandifolia,  the  dominant  species 
occupying  the  surrounding  terrestrial  forest, 
are  already  occasional  in  the  pine  forest. 

A  definitive  conclusion  about  the  nature  of 
the  steady-state  or  climax  community  in  peat- 
lands of  glaciated  regions  is,  in  the  final  anal- 
ysis, speculative  due  to  insufficient  time  for 
full  development  of  these  communities.  Per- 
haps application  of  the  term  "old  growth" 
could  be  employed  in  much  the  same  way  that 
it  is  used  to  describe  steady-state/climax  up- 
land forests.  Parker  (1989)  defines  mesic  old 
growth  forests  as  possessing:  1)  an  overstory 
canopy  of  trees  older  than  150  years  and  with 
little  or  no  anthropogenic  understory  distur- 
bance during  the  past  80-100  years,  2)  an  all- 
aged  structure  with  multi-layered  canopies,  3) 
horizontal  structure  with  aggregations  of  can- 
opy trees  interspersed  with  small,  all-aged 
canopy  gaps  of  varying  species  composition, 
and  4)  significant  numbers  of  standing,  dead 
snags  and  downed  logs.  The  red  maple  peat- 
lands meet  all  of  these  criteria  accept  the  first. 
The  oxygen  profile  in  the  peatland  allows  only 
the  top  20-30  cm  for  root  growth.  Conse- 
quently, wind-throws  are  extremely  common. 
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Figure  3. — Regional  variation  in  leatherleaf  bog  flora  (acronyms  correspond  with  Table  8):  a)  Detrended 
Correspondence  Analysis  (DCA)  showing  the  relative  similarity  of  vegetation  composition  and  frequency, 
and  b)  Canonical  Correspondence  Analysis  (CCA)  showing  the  relationship  between  vegetation  and  five 
climatic  variables  (FFD  =  mean  number  of  frost-free  days,  JUL  =  mean  July  temperature,  JAN  =  mean 
January  temperature,  MAT  =  mean  annual  temperature,  MAP  =  mean  annual  precipitation).  Length  of 
arrows  corresponds  with  the  relative  strength  of  the  regression  for  the  respective  variables. 


especially  large  (older)  trees,  and  the  maxi- 
mum age  (and  size)  of  trees  is  limited  by  the 
very  nature  of  the  substrate. 

Regional  identity  of  leatherleaf  bog  com- 
munities.— A  comparison  of  the  vegetation  of 
leatherleaf  bogs  of  different  regions  was  fa- 
cilitated by:    1)  relative   intraregional   homo- 


geneity, 2)  by  the  large  amount  of  published 
data  from  different  regions,  and  3)  a  common 
variable  in  all  of  the  studies  that  allowed  stan- 
dardization of  the  data  for  analysis.  Scarcity 
of  similar  quantities  of  appropriate  regional 
data  on  non-Sphagnum-dommated  fens  pre- 
vented statistical  comparison  of  fens. 
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Table  8. — Names,  locations,  and  sources  of  vegetation  data  for  27  leatherleaf  bogs  in  the  eastern  United 
States.  Acronyms  correspond  with  Figure  3. 


Peatland  name 

Acronym 

Region 

Source 

Burket  Bog 

BUR 

NE  Indiana 

Present  study 

Dutch  Street  Bog 

DSB 

NE  Indiana 

Present  study 

Leatherleaf  Bog 

LB 

NE  Indiana 

Present  study 

Yost  Bog 

YB 

North-central  Indiana 

Present  study 

Shoemaker  Bog 

SHB 

NW  Indiana 

Present  study 

Fern  Lake  Bog 

FLB 

NE  Ohio 

Andreas  &  Bryan  ( 1 990) 

Flatiron  Lake  Bog 

FLT 

NE  Ohio 

Andreas  &  Bryan  (1990) 

Triangle  Lake  Bog 

TLB 

NE  Ohio 

Andreas  &  Bryan  (1990) 

Portage  Bog 

POR 

SW  Lower  Michigan 

Brewer  (1966) 

North  Bog 

NOR 

SW  Lower  Michigan 

Keough  &  Pippen  (1981) 

South  Bog 

SOU 

SW  Lower  Michigan 

Keough  &  Pippen  (1981) 

Pennfield  Bog 

PEN 

SW  Lower  Michigan 

Crow  (1969a) 

Buck  Hollow 

BUC 

SE  Lower  Michigan 

Bailey  (1967) 

Inverness  Mud  Lake 

IML 

N  Lower  Michigan 

Bevis  (1960) 

Bryant's  Bog 

BRY 

N  Lower  Michigan 

Schwintzer  (1981) 

Dingman  Bog 

DIN 

N  Lower  Michigan 

Schwintzer  (1981) 

Gate's  Bog 

GAT 

N  Lower  Michigan 

Schwintzer  (1981) 

Mud  Lake  (open  mat) 

MLO 

N  Lower  Michigan 

Schwintzer  ( 1 98 1 ) 

Mud  Lake  (treed) 

MLT 

N  Lower  Michigan 

Schwintzer  (1981) 

Penny  Lake  Bog 

PLB 

N  Lower  Michigan 

Schwintzer  (1981) 

Green  Pond  Bog 

GPB 

S  New  York 

Lynn  &  Karlin  (1985) 

Spruce  Pond  Bog 

SPB 

S  New  York 

Lynn  &  Karlin  (1985) 

Tiny  Cedar  Pond 

TCP 

S  New  York 

Lynn  &  Karlin  (1985) 

Uttertown  Bog 

UB 

N  New  Jersey 

Lynn  &  Karlin  (1985) 

Mishaps  Bog 

MB 

N  New  Jersey 

Lynn  &  Karlin  (1985) 

Lost  Lake  Bog 

LLB 

N  New  Jersey 

Lynn  &  Karlin  (1985) 

Pequawket  Bog 

PQB 

Central  New 
Hampshire 

Fahey  &  Crow  (1995) 

Indirect  gradient  analysis  (Detrended  Cor- 
respondence Analysis  (DCA))  of  vegetation 
frequency  (ranked)  from  27  leatherleaf  bogs 
in  the  eastern  United  States  (Table  8)  showed 
three  distinct  clusters:  those  from  southern 
Michigan  and  northern  Indiana,  those  from 
northern  Michigan,  and  those  from  southern 
New  York,  northern  New  Jersey  and  northeast 
Ohio  (Fig.  3).  Direct  gradient  analysis  (Ca- 
nonical Correspondence  Analysis  (CCA))  of 
the  vegetation  and  five  climatic  variables 
showed  a  similar  clustering;  however,  the 
Ohio  peatlands  were  more  distinctly  separated 
from  the  northeastern  sites,  and  the  New 
Hampshire  bog  (Pequawket  Bog)  associated 
more  closely  with  the  southern  Great  Lakes 
sites  (Fig.  3). 

Much  of  the  variability  separating  the 
"southern  peatlands'1  (southern  Michigan, 
northern  Indiana,  northeast  Ohio,  southern 
New  York,  northern  New  Jersey  and  New 
Hampshire)    from   the    "northern   peatlands" 


(represented  by  northern  Michigan)  is  ex- 
plained by  mean  annual  temperature  and  mean 
annual  precipitation  (both  having  r2  values  > 
0.8).  The  climate  surrounding  the  northern 
peatlands  is  colder  and  dryer  on  average.  Peat- 
lands in  southern  Michigan  and  northern  In- 
diana were  further  distinguished  from  the 
northern  sites  by  having  much  hotter  mean 
July  temperatures.  The  number  of  frost-free 
days  was  different  between  bogs  from  the 
southern  Great  Lakes  region  and  bogs  from 
the  northeastern  U.S.;  however,  this  variable 
was  relatively  insignificant  with  an  r2  value  of 
<  0.2. 

Analysis  of  the  frequency  of  the  most  prev- 
alent leatherleaf  bog  species  from  all  of  the 
regions  and  sites  listed  in  Table  8  revealed 
seven  geographic  groupings:  1 )  species  com- 
mon to  all  leatherleaf  bogs  in  the  eastern  Unit- 
ed States,  2)  species  characteristic  of  northern 
peatlands  only,  3)  species  restricted  to  south- 
ern peatlands,  4)  species  found  in  most  re- 
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Table  9. — Prevalent  vascular  plants  from  27  leatherleaf  bogs  in  six  general  localities  in  the  eastern  United 
States:  1)  northern  Indiana  (present  study),  2)  southern  Michigan  (Bevis  1960,  Brewer  1966,  Bailey  1967, 
Crow  1969a,  Keough  &  Pippen  1981),  3)  northern  Michigan  (Coburn  et  al.  1932,  Schwintzer  1981),  4) 
northeast  Ohio  (Andreas  &  Bryan  1990),  5)  southern  New  York  &  northern  New  Jersey  (Lynn  &  Karlin 
1985),  and  6)  New  Hampshire  (Fahey  &  Crow  1995).  Number  in  parentheses  is  the  number  of  peatlands 
included  for  that  region.  Numbers  in  the  table  show  the  percent  of  the  peatlands  that  harbored  the  respective 
taxon.  In  regions  where  only  one  bog  was  represented,  a  "P"  indicates  that  a  given  species  was  present. 


1(5) 


2(5) 


3(7) 


4(3) 


5(6) 


6(1) 


Widespread  species 

Acer  rubrum 

Andromedia  glaucophylla 
Calla  palustris 
Chamaedaphne  calyculata 
Drosera  intermedia 
Drosera  rotundifolia 
Gaylussacia  baccata 
Larix  laricina 
Rhynchospora  alba 
Sarracenia  purpurea 
Vaccinium  macrocarpon 
Vaccinium  oxycoccos 
Aronia  melanocarpa 

Northern  species 

Eriophorum  spissum 
Ledum  groenlandicum 
Smilacina  trifolia 
Vaccinium  angustifolium 
Vaccinium  myrtiloides 

"Southern"  species 

Cephalanthus  occidentalis 
Decodon  verticillata 
Dulichium  arundinaceum 
Hypericum  virginicum 
Toxicodendron  vernix 
Vaccinium  corymbosum 
Woodxvardia  virginica 

Northern  &  Great  Lakes  species 
Betula  pumila 
Carex  oligosperma 

Northern  &  northeastern  species 

Carex  trisperma 
Kalmia  polifolia 
Picea  mariana 

Northeastern  species 

Carex  canescens 
Gaylussacia  frondosa 
Kalmia  angustifolia 
Peltandra  virginica 
Picea  rubens 
Rhododendron  viscosum 

Southern  Great  Lakes  species 

Carex  ro strata 
Iris  versicolor 
Nuphar  advena 
Scirpus  cyperinus 
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gions  except  for  the  Northeast,  5)  species 
found  in  the  north  and  northeast  but  absent 
from  the  southern  great  lakes  region,  6)  spe- 
cies found  only  in  the  Northeast,  and  7)  spe- 
cies exclusive  to  peatlands  of  the  southern 
Great  Lakes  region  (Table  9).  Species  such  as 
Carex  canescens  and  Peltandra  virginica 
demonstrated  the  northeastern  affinity  of  Ohio 
peatlands,  whereas  Betula  pumila  and  Carex 
oligosperma  showed  the  northern  Great  Lakes 
affinity  of  leatherleaf  bogs  in  Indiana  and 
southern  Michigan. 

The  results  of  the  ordinations  and  species 
groupings  suggest  that  not  only  are  the  leath- 
erleaf bog  assemblages  of  the  North  different 
from  those  at  the  southern  limit  of  the  com- 
munity (as  concluded  by  Lynn  &  Karlin 
1985),  but  the  southern  populations  also  have 
specific  regional  affinities.  The  differences  be- 
tween the  southern  sites  cannot  be  entirely  at- 
tributed to  climatic  variation.  Some  of  the  dif- 
ferences must  be  attributable  to  biogeographic 
history  as  it  relates  to  the  various  lobes  of  ice 
of  Wisconsin  Age  glaciation  (see  Crow 
1969b). 

CONCLUSIONS 

Systematic  vegetation  sampling  of  16  In- 
diana peatlands,  including  fens,  tall-shrub 
bogs,  leatherleaf  bogs  and  forested  peatlands 
yielded  a  total  of  1 8 1  species.  The  number  of 
species  found  at  each  site  was  variable,  and 
no  significant  difference  in  species  richness 
was  noted  between  fens  and  bogs.  A  signifi- 
cant portion  of  the  variability  of  the  vascular 
and  bryophyte  vegetation  was  attributed  to 
groundwater  influence  as  indicated  by  alkalin- 
ity. Fens  and  bogs  were  distinctly  separated 
on  the  basis  of  alkalinity.  In  addition  to  abiotic 
factors,  temporal  variables  such  as  shrub  and 
tree  cover  (indirectly  indicative  of  serai  stage, 
soil  moisture  and  substrate  stability)  explained 
a  significant  portion  of  the  variation.  The  vas- 
cular vegetation  of  tall-shrub  bogs  and  forest- 
ed peatlands  was  distinctly  separated  from  the 
other  sites.  In  contrast,  shrub  cover  was  an 
insignificant  factor  in  bryophyte  variability, 
although  tree  cover  (Basal  Area)  was  signifi- 
cant. It  was  thus  concluded  that  substrate 
moisture  rather  than  light  accounted  for  most 
of  the  temporal  variability  in  bryophytes. 

Analysis  of  extant  vegetation,  along  with 
the  consideration  of  the  palaeoecological  data 
presented  by  Swinehart  &  Parker  (2000),  re- 


vealed an  apparent  hydrosere  that  begins  with 
a  lake  or  pond  and  ends  with  a  forested  peat- 
land.  All  peatlands  have  a  fen  stage,  but  only 
some  develop  into  bogs  before  becoming  for- 
ested. Regardless  of  the  inherent  mineral-rich- 
ness, all  Indiana  peatlands  become  dominated 
by  red  maple.  Red  maple  may  be  the  "cli- 
max" species  for  the  peatland  hydrosere  in 
Indiana,  but  insufficient  time  has  passed  for  a 
definitive  conclusion,  "Old-growth1"'  might  be 
a  better  descriptive  term  for  these  latter  stages 
of  peatland  development. 

The  vascular  vegetation  communities  of  In- 
diana peatlands  and  other  peatlands  in  the 
southern  Great  Lakes  region  are  distinct  from 
those  in  the  northeast,  Ohio  and  the  northern 
Great  Lakes.  Some  of  this  distinction  is  attrib- 
utable to  climatic  factors,  while  others  are  re- 
lated to  biogeographic  history  of  the  region. 
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THE  LIGNICOLOUS  FUNGI  OF  GINN  WOODS, 
DELAWARE  COUNTY,  INDIANA 

Donald  G.  Ruch  and  Mark  C.  Robbins:      Biology  Department,  Ball  State  University, 
Muncie,  Indiana  47306 

Kiki  Nurtjahja:      Fakultas  Biologi,  Universitas  Medan  Area  (UMA),  Jl.  Kolam  No.  1 
Medan,  Sumatra  Utara,  Indonesia 

ABSTRACT.  Our  knowledge  of  the  distribution  of  macromycetes,  both  basidiomycetes  and  ascomy- 
cetes,  in  Indiana  is  wanting.  A  survey  of  the  various  herbaria  within  Indiana  revealed  only  nine  containing 
fungal  specimens  and  most  having  fewer  than  400  collections.  Due  to  the  immense  importance  of  the 
newly-established  Indiana  Biological  Survey  to  the  future  understanding  of  the  biota  of  Indiana  and  due 
to  the  paucity  of  information  pertaining  to  the  fleshy  mushroom  flora  and  its  distribution  in  Indiana, 
especially  east-central  Indiana,  this  study,  to  provide  a  brief  description  of  lignicolous  fungi  occurring  in 
Ginn  Woods,  Delaware  County,  was  undertaken.  The  survey  identified  60  species  of  lignicolous  macro- 
mycetes, including  52  species  of  basidiomycetes  and  8  species  of  ascomycetes.  The  52  species  of  basid- 
iomycetes represented  38  genera  from  23  families  and  13  orders,  and  the  8  species  of  ascomycetes  rep- 
resented 7  genera  from  5  families  and  three  orders.  This  is  the  first  report,  including  voucher  specimens, 
of  these  60  fungi  from  Delaware  County,  Indiana. 

Keywords:  Delaware  County,  Indiana,  Ginn  Woods,  macromycetes,  basidiomycetes,  ascomycetes,  mush- 
rooms, lignicolous  fungi 


The  literature  is  replete  with  information 
concerning  the  habitat  and  distribution  of 
fleshy  fungi.  In  any  of  the  current  mushroom 
field  guides  there  is  a  sentence  or  short  para- 
graph under  each  species  describing  its  habitat 
and  distribution  (Arora  1986;  Barron  1999; 
Bessette  et  al.  1997;  Horn  et  al.  1993;  Huff- 
man et  al.  1989;  Lincoff  1983;  McKnight  & 
McKnight  1987;  Metzler  &  Metzler  1992; 
Miller  1979;  Phillips  1991;  Schalkwijk-Bar- 
endsen  1991;  Smith  &  Weber  1980;  States 
1990;  Weber  &  Smith  1985).  In  some  field 
guides,  especially  the  older  ones,  lists  of  fungi 
associated  with  various  habitats  are  included 
(Arora  1986;  Dickinson  &  Lucus  1979;  Krie- 
ger  1967;  Ramsbottom  1954).  However,  un- 
like many  current  vascular  flora  field  guides 
and  keys  that  contain  maps  illustrating  the 
county  by  county  distribution  of  a  particular 
plant  species  within  a  state  (Deam  1940;  Rad- 
ford et  al.  1968;  Swink  &  Wilhelm  1994;  Voss 
1972,  1985,  1996),  all  of  the  fleshy  fungi  field 
guides  give  simply  a  general  region  of  distri- 
bution. For  example,  in  Mushrooms  of  North 
America  Phillips  (1991)  describes  the  distri- 
bution of  Lactarius  pubescens  var.  pubescens 
(Fr.)  sensu  lato  as  follows,  "Found  widely  dis- 


tributed west  of  Michigan,  south  to  Arizona 
and  Tennessee."  Even  Harper's  Mushroom 
Reference  Guide  and  Check  List  (1985)  de- 
scribes the  distribution  of  mushroom  species 
by  regions  of  the  country,  e.g.,  northern  U.S. 
and  Canada,  central  U.S.,  Rocky  Mountains, 
Great  Lakes  area,  etc.,  without  clearly  defin- 
ing in  which  states  within  the  region  the  spe- 
cies actually  occurs.  As  an  example.  Harper's 
states  that  Trametes  hispida  Bagl.  occurs  in 
the  Great  Lakes  area.  Does  it  occur  in  all 
Great  Lakes  states?  Does  it  occur  in  states  that 
border  Great  Lake  states,  such  as  West  Vir- 
ginia, Kentucky  and  Iowa?  If  it  occurs  in  In- 
diana, does  it  occur  throughout  the  state,  or  is 
it  just  found  in  northern  Indiana? 

Recently,  websites  have  been  created  to  as- 
sist the  study  of  fungi.  For  example,  the  Mich- 
igan Fungus  Collection  (http://www.herb.lsa. 
umich.edu/index.htm),  whose  mission  is  to 
develop  and  provide  specimen-based  infor- 
mation about  fungi  to  solve  problems  and  as- 
sist research,  allows  anyone  to  search  its  col- 
lection by  state  and  county.  When  I  searched 
for  records  for  Delaware  County,  Indiana 
(home  of  Ball  State  University),  no  records 
were  available.  When  I  searched  for  records 
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from  the  State  of  Indiana  (all  counties),  only 
25  records  were  found  for  21  different  species. 
This  hardly  represents  the  variety  or  distri- 
bution of  fleshy  fungi  in  Indiana.  (Although 
the  University  of  Michigan  Fungus  Collection 
houses  over  280,000  collections  of  fungi,  only 
a  38,000  specimen  database  of  user  specified 
record  retrieval  is  currently  available.)  The 
Michigan  Fungus  Collection  website  also 
links  to  the  Michigan  Geographic  Information 
System,  which  can  produce  interactive  maps 
from  the  specimen  database.  Again  the  system 
seems  limited.  For  example,  when  I  typed  in 
the  keyword,  amanita,  and  selected  Michigan, 
the  following  message  appeared,  "Your 
search  using  'amanita'  produced  2  specimen 
records,  0  of  which  can  be  mapped,  for  the 
states  you  selected."  It  should  be  noted,  how- 
ever, that  the  usefulness  of  such  websites  is 
expected  to  increase  as  more  information  is 
loaded  into  the  database. 

Our  knowledge  of  the  species  and  their  dis- 
tribution in  Indiana  is  in  even  worse  shape. 
According  to  the  Directory  of  Natural  History 
Collections  Housed  in  Indiana  (IAS  1996), 
there  are  only  nine  herbaria  containing  fungal 
specimens.  The  most  notable  of  these  are  the 
Arthur  Herbarium  and  Kriebel  Herbarium 
housed  at  Purdue  University.  The  Arthur  Her- 
barium contains  the  largest  rust  fungi  collec- 
tion worldwide,  housing  approximately 
100,000  specimens  at  the  beginning  of  the 
1990s  (Markus  Scholler  [Curator],  personal 
communication).  The  Kriebel  Herbarium,  the 
oldest  herbarium  in  Indiana,  established  in 
1873,  contains  in  addition  to  nearly  78,000 
higher  plant  specimens,  approximately  600— 
1000  macromycete  collections  (Markus 
Scholler  [Curator],  pens,  commun.).  However, 
it  could  not  easily  be  established  how  many 
of  these  collections  were  from  Indiana.  The 
other  herbaria  within  the  State  containing  fun- 
gal specimens  include  the  Ball  State  Herbar- 
ium with  approximately  400  specimens,  the 
Friesner  Herbarium,  Butler  University,  with 
15  specimens,  the  Greene-Neiuwland  Herbar- 
ium, University  of  Notre  Dame,  with  300 
specimens  of  fungi,  lichens,  and  algae  (not 
broken  down  by  category),  Indiana  University 
Herbarium  with  2000  specimens  (many  col- 
lected by  James  M.  VanHook),  Indiana  State 
Herbarium  with  300  specimens,  Joseph  Moore 
Museum,  Earlham  College,  with  100  speci- 
mens,   Manchester   College    Herbarium    with 


150  specimens  of  fungi  and  lichens,  and  the 
Spring  Mill  State  Park  Nature  Center  with  five 
specimens  (IAS  1996).  With  the  exception  of 
the  Kriebel  Herbarium  at  Purdue  University, 
the  macromycete  specimen  collections  around 
the  State  are  meager.  In  addition,  none  of  the 
collections,  including  the  Kriebel  Herbarium, 
are  on-line,  thus  limiting  their  usefulness  and 
requiring  a  great  deal  of  time  to  gather  infor- 
mation concerning  what  species  are  present 
and  where  they  occur  in  the  State. 

The  purpose  of  this  paper  is  to  create  a  spe- 
cies list  and  provide  a  brief  description  of  lig- 
nicolous  fungi  occurring  in  Ginn  Woods,  an 
old  growth  beech-maple  woodlands  located  in 
Delaware  County,  Indiana  (Badger  et  al.  1998; 
Ruch  et  al.  1998).  Species  information  and 
voucher  specimen  numbers  will  be  added  to 
the  Survey's  database.  Additionally,  the  infor- 
mation relating  to  species  diversity  will  estab- 
lish a  baseline  of  information  for  future  de- 
termination of  macromycete  decline  in 
east-central  Indiana. 

STUDY  SITE 

Ginn  Woods,  a  65  ha  tract  of  woodlands 
owned  by  Ball  State  University  and  managed 
by  the  Department  of  Biology,  is  located  ap- 
proximately 25  km  north  of  Muncie  (Dela- 
ware County),  Indiana  (in  the  SW  Va  of  section 
18  and  the  NW  Va  of  section  19,  Township  22 
North,  Range  10  East).  Ginn  Woods  is  a  de- 
ciduous forest  community  and  based  on  its 
structure,  composition  and  size,  is  the  second 
largest  old-growth  stand  in  Indiana  (Badger  et 
al.  1998).  The  shade-tolerant  species  Acer 
saccharum  Marshall,  Fag  us  grandifolia  Ehrh. 
and  Tilia  americana  L.  dominate  both  the  un- 
der- and  overstories.  Subdominant  species  in- 
clude Aesculus  glabra  Willd.,  Celtis  occiden- 
tal is  L.,  Fraxinus  americana  L.,  Primus 
serotina  Ehrh.,  Que  reus  rubra  L.  and  Ulmus 
rubra  Muhl.  In  localized  areas  where  soil 
drainage  is  poorest,  Acer  saccharinum  L., 
Acer  rubrum  L.,  Carya  laciniosa  (Michx.  F.) 
Loudon,  Fraxinus  pennsylvanica  Marshall, 
Platanus  occidentalis  L.  and  Populus  delto- 
ides  Marshall  are  prominent  (Badger  et  al. 
1998). 

Ginn  Woods  lies  in  the  Bluffton  Till  Plain 
section  of  the  Central  Till  Plain  Natural  Re- 
gion, an  area  formerly  covered  by  an  exten- 
sive beech-maple  forest  (Homoya  et  al.  1985). 
The  soils  of  Ginn  Woods,  derived  from  glacial 
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parent  material,  are  somewhat  poorly  drained 
to  very  poorly  drained  soils  (Huffman  1972). 
McClain  (1985),  who  studied  the  soils  of  the 
North  Woods  section  of  Ginn  Woods  (Ruch  et 
al.  1998),  described  the  dominant  soils  as 
Blount  (Aerie  Ochraqualfs,  fine,  illitic,  mesic), 
Glynwood  (Aquic  Hapludalfs,  fine,  illitic,  me- 
sic) and  Lenawee  soils  (Mollic  Haplaquepts, 
fine,  illitic,  mesic).  These  soils  comprise  ap- 
proximately 80,  15  and  5%  of  the  entire  study 
site,  respectively.  The  poor  internal  drainage 
properties  of  these  soils  results  in  a  seasonal 
high  water  table  of  less  than  40  cm  from  the 
surface  in  most  of  the  study  area  (McClain 
1985).  Seasonal  ponding  typically  occurs  on 
low  lying  portions  of  the  Blount  soils  through 
early  spring  and  the  Lenawee  soils  through 
mid-summer. 

METHODS 

During  the  growing  seasons  of  1994-1996, 
approximately  two  trips  per  month,  more  fre- 
quently during  wet  periods,  were  made  into 
Ginn  Woods  to  collect  lignicolous  macromy- 
cetes.  Forays  have  continued  since  1996  but 
at  a  less  frequent  rate.  Due  to  the  large  amount 
of  down,  decaying  wood,  collections  were 
confined  to  the  North  Woods  and  South 
Woods  areas  (Ruch  et  al.  1998).  Following 
identification,  specimens  were  dried  on  a 
mushroom  rack,  assigned  a  BSUHM  number 
(Ball  State  University  Herbarium — Mycolo- 
gy), and  placed  in  the  herbarium  for  storage. 

RESULTS 

The  lignicolous  macromycetes  that  were 
collected  and  identified  in  Ginn  Woods  are 
listed  below.  Each  species  report  contains  the 
following  information:  (a)  current  species 
name,  (b)  current  taxonomic  synonyms,  if  ap- 
propriate, (c)  a  short  description,  (d)  a  com- 
ment about  its  frequency  in  Ginn  Woods,  and 
(e)  BSUHM  #'s.  Species  are  listed  following 
the  taxonomic  schemes  in  Gilbertson  &  Ry- 
varden  (1987),  Hawksworth  et  al.  (1995),  and 
Singer  (1986). 

BASIDIOMYCOTA 

Order  Agaricales 

Family  Pluteaceae 

Pluteus  cervinus  (Schaeff.:Fr.)  Kummer 

Description. — Fruiting  bodies:  Centrally 
stipitate  gilled  mushrooms.  Caps:  Broadly 
convex   to  planar  at   maturity,   often   with   a 


slightly  raised  center,  5-12  cm  broad;  surface 
smooth  or  radially  streaked  with  fibrils  (es- 
pecially on  the  raised  center),  moist,  gray- 
brown  to  dark  brown,  the  margins  often  ligh- 
ter. Hymenium:  Gills,  free  of  the  stipe, 
crowded,  broad,  white  turning  pink  as  spores 
mature.  Stipe:  3.6-10  cm  long,  0.5-1.2  cm 
thick,  enlarged  at  base,  solid,  dry;  white  but 
often  bearing  brown  tinted  hairs.  Spores:  El- 
liptical, smooth,  6—8  X  4-6  |xm;  spore  print 
salmon  pink.  Pleurocystidia:  Abundant,  thick 
walled,  fusiform  ventricose  with  2-5  hornlike 
projections  at  apex. 

Habitat. — On  decaying  hardwood  logs  and 
stumps.  Abundant.  [BSUHM  28,  41,  57,  136] 

Pluteus  granulans  Peck 

Description. — Fruiting  bodies:  Centrally 
stipitate  gilled  mushrooms.  Caps:  Convex, 
2-3.5  cm  broad;  surface  wrinkled  and  ridged, 
appearing  velvety  plush  to  the  unaided  eye, 
dark  to  walnut  brown  in  color;  as  the  cap  ma- 
tures, it  splits  forming  yellow  streaks.  Cap  tis- 
sue: Yellow.  Hymenium:  Gills,  free  of  the 
stipe,  crowded,  broad,  pallid  to  white  turning 
pink  to  pinkish-tan  as  spores  mature.  Stipe: 
3-4.5  cm  long,  0.4—0.5  cm  thick,  equal,  solid, 
velvety  to  plush-like  (but  not  to  the  extent  of 
the  cap)  especially  towards  the  base;  light 
brown  near  apex,  darker  brown  lower  with  the 
base  concolorous  with  the  cap.  Spores:  Broad- 
ly ellipsoid  in  profile,  smooth,  4  X  5-5.5  |xm; 
spore  print  salmon  pink.  Pleurocystidia:  Ob- 
tusely fusoid- ventricose,  50-70  X  12-20  |j.m. 
Cheilocystidia:  Same  shape  but  smaller  and 
much  more  abundant. 

Habitat. — Singly  to  scattered  on  rotting 
hardwood  logs  and  stumps.  Infrequent. 
[BSUHM  149,  154,  158] 

Family  Strophariaceae 
Pholiota  albocrenulata  (Peck)  Sacc. 

Description. — Centrally  stipitate  gilled 
mushrooms;  only  young  specimens  available. 
Caps:  Conic  to  convex  bearing  superficial 
brownish  fibrillose  scales,  0.9-2.2  cm  broad; 
surface  viscid,  dark  brown  to  red-brown;  mar- 
gin appendiculate;  clamp  connections  present 
in  the  scale  fibrils;  cap  tissue  pallid  to  yellow, 
turning  yellow  overnight.  Stipe:  1-2  cm  long, 
yellow-brown  with  rough  brown  scales.  Veil: 
Yellow-brown,  intact  on  all  specimens. 

Habitat. — Singly  to  several  on  decaying 
maple  logs.  Rare.  [BSUHM  148] 
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Pholiota  aurivella  (Fr.)  Kum. 

Synonyms. — Pholiota  adiposa  (Fr.)  Kum- 
mer  and  Pholiota  squarrosoadiposa  Lange. 

Description. — Fruiting  bodies:  Centrally 
stipitate  gilled  mushrooms.  Caps:  Bell-shaped 
when  young  becoming  broadly  convex  to 
nearly  plane,  occasionally  with  a  broad  umbo; 
yellow-orange  to  ochre-orange.  Surface: 
Sticky  to  slimy-glutinous  when  wet,  with 
large  flattened,  brown  to  reddish-brown  scales 
which  are  arranged  in  a  concentric  pattern  and 
may  disappear  in  wet  weather.  Flesh:  Firm, 
light  yellow,  unchanging  on  injury.  Hymeni- 
um:  Gills,  adnate,  close,  broad  (moderately), 
pale  yellow  at  first,  becoming  brown  with  age. 
Partial  veil:  White  to  off-white,  cortinate, 
leaving  an  evanescent  ring  or  zone  on  the  up- 
per stipe.  Stipe:  Dry,  solid,  central  to  occa- 
sionally slightly  eccentric,  equal,  often 
curved;  30-70  mm  long  and  5-12  mm  thick 
at  the  apex;  cottony  to  smooth  above  the  ring, 
covered  with  brown  fibrous  downcurving 
scales  below  the  ring;  yellowish  to  yellowish- 
brown.  Spores:  Elliptic,  smooth,  with  an  api- 
cal pore,  brownish;  7-10  X  4.5-6  (Jim;  brown 
to  rusty-brown  in  mass.  Pleurocystidia  pre- 
sent. 

Habitat. — Single  to  clustered  (cespitose) 
on  decaying  hardwood,  especially  maple  and 
beech.  Infrequent.  [BSUHM  339,  364] 

Family  Tricholomataceae 
Armillaria  mellea  (Vahl.:Fr.)  Kummer 

Synonym. — Armillariella  mellea  (Vahl.: 
Fr.)  Karst. 

Description. — Fruiting  bodies:  Centrally 
stipitate  gilled  mushrooms.  Caps:  Broadly 
convex  to  planar  with  a  knob  in  the  center, 
2.5-8  cm  broad;  color  pinkish-brown  in 
young  specimens  turning  yellowish-brown  to 
dark  brown  in  mature  specimens;  surface  with 
fine  erect  hairs  over  the  raised  center;  margins 
finely  striate.  Hymenium:  Gills,  adnate  to 
short  decurrent  (especially  in  older  speci- 
mens), well  separated,  narrow;  white  initially, 
turning  light  brown,  often  spotted  darker  with 
age.  Stipe:  4-9  cm  long,  0.3-1.5  cm  wide, 
nearly  equal,  often  with  an  enlarged  base,  hol- 
low, tough  and  fibrous;  surface  dry,  light 
brown  below  the  annulus  due  to  cotton-scaly 
appressed  hairs,  white  above  the  annulus.  An- 
nulus: A  thick  whitish  to  yellow  cottony  ring, 
superior.  Spores:  Ellipsoid,  smooth,  6-8  X  5- 
6  |jimm.;  spore  print  white. 


Habitat. — Singly,  small  groups  or  large 
cespitose  clusters  on  decaying  hardwood  logs 
and  stumps  or  at  the  base  of  living  hardwood 
trees.  Very  common  for  a  short  time  in  late 
summer  or  fall.  [BSUHM  105,  106] 

Armillaria  tabescens  (Scop.:Fr.)  Emel. 

Synonym. — Armillariella  tabescens 

(Scop.:Fr.)  Sing. 

Description. — Fruiting  bodies:  Centrally 
stipitate  gilled  mushrooms.  Caps:  Convex  to 
planar,  3.5-5  cm  broad;  surface  dry,  with 
brown  fibrillose  scales  on  the  disc  (center  of 
cap);  color  ranging  from  yellow-brown  to 
brown.  Hymenium:  Gills,  slightly  decurrent, 
well  separated,  varying  from  narrow  to  broad, 
white  initially,  becoming  pinkish-brown  with 
age.  Stipe:  4-9  cm  long,  0.6-0.8  cm  wide  at 
apex,  hollow  but  stuffed  with  a  cottony  ma- 
trix, tapering  to  base;  yellowish  above,  brown 
to  brownish-black  below,  scurfy,  fibrous;  no 
annulus.  Spores:  Ellipsoid,  smooth,  6—8  X  5—6 
ixm;  spore  print  white. 

Habitat. — Large  cespitose  clusters  at  the 
base  of  living  or  dead  hardwood  trees.  Abun- 
dant for  a  very  short  time  in  late  summer  or 
fall.  [BSUHM  53,  54,  96,  97] 

Flammulina  velutipes  (Curt.:Fr.)  Sing. 

Description. — Fruiting  bodies:  Centrally 
stipitate  gilled  mushrooms;  only  very  young 
specimens  available.  Caps:  Convex,  1-3.5  cm 
broad;  surface  viscid,  smooth,  yellow-orange 
to  orange-brown,  darker  in  the  center;  margins 
incurved.  Hymenium:  Gills,  adnexed,  close, 
pale  yellow.  Stipe:  2-5  cm  long,  3-5  mm 
thick  at  the  apex,  equal  to  enlarging  below; 
smokey  to  blackish-brown  velvety  pubescence 
over  the  lower  %— %  of  the  stipe.  Spores:  Non- 
amyloid,  elliptical  to  pit-shaped,  smooth, 
6-7.5  X  2.5-3  ixm.  Pleuro-  and  cheilocystidia 
abundant,  fusoid-ventricose  but  with  an  ob- 
tuse apex,  32—45  X   10—16  (xm. 

Habitat. — Cespitose  cluster  on  bark  of  re- 
cently fallen  hardwood  trees.  Common. 
[BSUHM  156,  159] 

Marasmius  siccus  (Schw.)  Fr. 

Description. — Fruiting  bodies:  Centrally 
stipitate  gilled  mushrooms.  Caps:  Bell-shaped 
at  first,  becoming  convex  with  a  flattened  or 
depressed  disc;  surface:  minutely  velvety, 
with  deep,  wide  radiating  pleats  (e.g.,  sulcate 
to  plicate);  orange  to  reddish-orange  to  rust- 
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brown,  fading  with  age.  Cap  tissue:  very  thin, 
white,  dextinoid.  Hymenium:  Gills,  attached 
or  free,  distant,  broad,  white  to  pale  yellow. 
Stipe:  40-60  X  1  mm,  equal,  smooth,  dry, 
polished,  cartilaginous,  hollow;  yellowish  at 
first,  darkening  to  dark  brown  from  the  base 
upward.  Spores:  Spindle-  to  club-shaped, 
smooth,  hyaline,  15-20  X  3-5  |jim,  white  in 
mass. 

Habitat. — Scattered  to  gregarious  on  de- 
caying hardwood  leaves  and  twigs.  Common. 
[BSUHM331] 

Mycena  haematopus  (Pers.:Fr.)  Kummer 

Description. — Fruiting  bodies:  Centrally 
stipitate  gilled  mushrooms.  Caps:  Initially 
rounded  becoming  bell-shaped  to  conical  with 
a  distinct  umbo;  0.5-4  cm  broad;  reddish-  to 
olive-brown;  surface  dry  and  pruinose  when 
young,  becoming  moist  and  smooth  with  age; 
margin:  striate,  upturned  and  often  ragged. 
Hymenium:  Gills,  adnate,  close  to  subdistant, 
moderately  broad,  white  becoming  pale  pink 
to  brown  with  age.  Stipe:  2-8.5  cm  long,  0.5— 
2  mm  thick,  hollow,  equal,  base  hairy  strigose, 
pale  cinnamon-brown  to  reddish-brown;  ex- 
uding a  dark  blood-red  fluid  when  cut  or  bro- 
ken, especially  near  the  base.  Spores:  Amy- 
loid, elliptical,  smooth,  8-9  X  5—6  |jim;  spore 
print  white. 

Habitat. — Several  to  gregarious,  often  ces- 
pitose,  on  decaying  hardwood  logs  and 
stumps.  Abundant.  [BSUHM  27] 

Mycena  leaiana  (Berk.)  Sacc. 

Description. — Fruiting  bodies:  Centrally 
stipitate  gilled  mushrooms.  Caps:  Initially 
broadly  rounded  to  bell-shaped,  becoming 
broadly  convex  with  a  slight  depression  in  the 
center;  0.5—4.5  cm  broad;  bright  orange  to 
reddish-orange  when  young,  fading  to  dull  or- 
ange, yellow  and  eventually  brown  with  age; 
surface  slightly  glutinous  to  viscid,  smooth. 
Margin:  Typically  striate.  Hymenium:  Gills, 
attached  to  sinuate,  crowded,  broad,  orange; 
gill  edges  bright  orange-red.  Stipe:  3-7  cm 
long,  0.5-1.5  cm  thick,  hollow,  equal,  orange; 
densely  hairy  with  yellowish-orange  hairs  at 
the  base.  Spores:  Amyloid,  elliptical,  smooth, 
7—10  X  5-6  |jLm;  spore  print  white. 

Habitat. — Gregarious  in  cespitose  clusters 
on  hardwood  logs,  stumps  and  branches. 
Abundant.  [BSUHM  21] 


Mycena  luteopallens  (Peck)  Sacc. 

Description. — Fruiting  bodies:  Centrally 
stipitate  gilled  mushrooms.  Caps:  Small,  0.4- 
1.4  cm  broad,  conical  to  convex,  some  with  a 
broad  central  knob,  smooth;  bright  orange- 
yellow  fading  to  dull  yellow-orange  to  yellow 
with  age;  margin  striate.  Hymenium:  Gills, 
adnexed,  almost  distant,  yellow.  Stipe:  1-5  cm 
tall,  about  1  mm  thick,  equal,  hollow;  younger 
stipes  yellow  below  and  bright  orange  above; 
older  stipes  pale  yellow;  all  stipes  with  prom- 
inent hairs  at  the  base.  Spores:  Amyloid,  el- 
liptical, smooth  to  slightly  roughened,  5-8  X 
3.5-5  (Jim;  spore  print  white.  Pleurocystidia: 
Fusoid-ventricose,  4-50  u,m  long,  the  long 
neck  often  bent. 

Habitat. — Singly  to  several  on  the  remains 
of  hickory  nut  shells.  Abundant  for  a  short 
period  in  the  late  summer  to  fall.  [BSUHM 
135] 

Panel  Ins  stipticus  (Bull.:Fr.)  Karst. 

Description. — Fruiting  bodies:  Semicircu- 
lar or  fan-,  tongue-  or  kidney-shaped;  0.5-2.5 
cm  long,  0.4-1.5  cm  wide,  convex;  cap  sur- 
face dry,  buff,  tan  to  brown,  covered  with 
woolly  hairs,  rough;  cap  tissue  tough  and  firm, 
pale  tan.  Hymenium:  Gills,  crowded,  narrow, 
pinkish-buff  to  tan.  Stipe:  Rudimentary,  lat- 
eral, concolorous  with  cap  to  whitish-buff, 
densely  hairy;  single  with  one  cap  or  branched 
with  several  caps,  3-10  mm  long,  3-6  mm 
wide.  Spores:  Allantoid,  lightly  amyloid, 
smooth,  3-4  X  2  |im.  This  species  is  biolu- 
minescent,  the  gills  glowing  greenish-white  in 
the  dark. 

Habitat. — Densely  gregarious  on  hard- 
wood logs  and  stumps.  Abundant.  [BSUHM 
161-166] 

Rhodotus  palmatus  (Bull.:Fr.)  R.  Maire 

Description. — Fruiting  bodies:  Gilled 
mushrooms  with  an  eccentric  stipe.  Caps:  4-6 
cm  wide,  broadly  convex;  surface  dry.  con- 
spicuously reticulate  with  ridges  and  pits;  red- 
dish to  pinkish  when  young,  fading  to  reddish- 
orange  with  age.  Cap  tissue:  Firm  and  flesh 
color.  Hymenium:  Gills,  attached,  close, 
broad,  veined,  pink.  Stipe:  Eccentric,  slightly 
enlarged  toward  the  base,  pinkish,  dry,  tough. 
Spores:  Nearly  round.  5-7  fxm,  tuberculate. 

Habitat. — Singly  to  a  couple  on  rotting 
hardwood  logs  and  stumps.  Infrequent. 
[BSUHM  260] 
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Xeromphalina  kauffmanii  A.H.  Smith 

Description. — Fruiting  bodies:  Centrally 
stipitate  gilled  mushrooms.  Caps:  Small,  0.3— 
2.3  cm  broad,  broadly  convex  with  a  small 
central  depression;  surface  moist  and  smooth, 
yellow-brown  to  cinnamon-brown.  Hymeni- 
um:  Gills,  decurrent,  well  separated  with  veins 
between,  yellow  to  yellow-orange.  Stipe:  2—4 
cm  long,  0.5-1.5  cm  thick,  equal  with  a  small 
bulb  at  the  base,  tough  and  pliant,  smooth, 
yellowish  above  and  dark  brown  below;  the 
base  strigose  with  brownish-yellow  tomen- 
tum.  Spores:  Elliptic,  smooth,  5—6  X  2.5-3.5 
(Jim. 

Habitat. — Gregarious  to  densely  cespitose 
on  decaying  hardwood.  Common.  [BSUHM 
26] 

Xerula  furfuracea  (Peck) 
Redhead,  Ginns  &  Shoemaker 

Synonyms. — Collybia  radicata  var.  furfur- 
acea Pk.  and  Oudemansiella  radicata  (Rein.: 
Fr.)  Sing. 

Description. — Fruiting  bodies:  Centrally 
stipitate  gilled  mushrooms.  Caps:  4.5-10  cm 
broad,  nearly  flat,  often  low  umbonate  and  of- 
ten wrinkled;  dark  brown  to  gray-brown,  disc 
(center  of  cap)  darker;  viscid  or  tacky  when 
moist;  smooth.  Cap  tissue:  Thin,  white.  Hy- 
menium:  Gills,  notched  at  the  stipe,  well  sep- 
arated, broad,  shiny,  white.  Stipe:  12-16  cm 
long  above  ground,  0.5-1.2  cm  thick,  enlarg- 
ing slightly  toward  base,  dry,  white  above  and 
brown  below,  often  twisted-striate;  forming  a 
long  pseudorhiza,  5-11  cm  long.  Spores: 
Abundant,  broadly  elliptical,  13-17  X  9-11 
IJim,  smooth,  spore  print  white. 

Habitat. — Scattered  to  gregarious  under 
hardwood,  especially  dead  beech  stumps. 
Abundant.  [BSUHM  25,  40,  56,  66] 

Order  Auriculariales 

Family  Auriculariaceae 

Auricularia  auricula  (Hooker)  Underwood 

Description. — Fruiting  bodies:  Brown,  ir- 
regularly cup-shaped  to  occasionally  ear- 
shaped,  stipeless,  eccentrically  attached;  2.5- 
3  cm  wide,  rubbery-gelatinous;  outer  surface 
tanish-brown  due  to  minute  grayish  downy 
hairs;  inner  surface  brown,  smooth,  velvet-like 
with  wrinkles.  Spores:  Allantoid,  smooth,  12- 
13  X  4-5  |xm. 

Habitat. — In  a  small  group  on  decaying 
hardwood.  [BSUHM  93] 


Order  Cortinariales 

Family  Cortinariaceae 

Galerina  autumnalis  (Peck)  Smith  &  Sing. 

Description. — Fruiting  bodies:  Centrally 
stipitate  gilled  mushrooms.  Caps:  Convex  to 
planar,  often  with  a  slight  umbo,  1.5-4  cm 
broad;  color  dark  brown  when  moist,  fading 
to  light  brown  or  yellowish-brown,  umbo  of- 
ten remaining  darker;  surface  sticky  to  viscid, 
smooth  and  hairless;  margin  faintly  striate. 
Cap  tissue:  Tan  to  light  brown,  watery,  thick 
at  the  umbo.  Hymenium:  Gills,  adnate,  close, 
broad,  becoming  rusty-brown  as  the  spore  ma- 
ture. Stipe:  1.5-2.5  cm  long,  0.3-0.4  cm  thick 
at  the  apex,  equal  to  slightly  thicker  below, 
dry,  hollow;  pallid  to  brownish,  darker  below, 
streaked  with  white  mycelial  strands.  Annu- 
lus:  Superior,  membranous.  Odor:  Earthy 
fresh,  mealy  when  crushed.  Cheilocystidia: 
Many,  45-50  [xm  long,  fusoid-ventricose, 
apex  plus/minus  acute.  Pleurocystidia:  Few, 
same  as  cheilocystidia.  Spores:  Ellipsoid, 
wrinkled  to  roughened,  8-10  X  5-6  (Jim; 
spore  print  rust-brown. 

Habitat. — Scattered  to  clustered  in  dense 
groups  on  well-decayed  hardwood  logs  and 
stumps  in  late  fall  and  early  spring.  It  is  worth 
mentioning  that  this  species  is  deadly  poison- 
ous. Abundant.  [BSUHM  115-118] 

Gymnopilus  flavidellus  Murr. 

Description. — Fruiting  bodies:  Centrally 
stipitate  gilled  mushrooms.  Caps:  Broadly 
convex  to  planar,  0.7—7  cm  broad,  ochraceous 
orange,  margin  paler;  surface  moist  but  not 
viscid,  glabrous,  hygrophanous;  margin  even. 
Hymenium:  Gills,  sinuate  to  adnate,  occasion- 
ally slightly  decurrent  in  older  specimens;  oc- 
casionally seceding  from  the  stipe  with  age; 
yellow  at  first,  dark  with  age,  finally  becoming 
ferruginous  (rusty-reddish-brown);  gills  bear- 
ing rusty  spots  during  growth;  close  to  crowd- 
ed, medium  broad  to  broad.  Stipe:  1-5  cm 
long,  0.2-0.5  mm  wide  at  apex,  equal  with  a 
slightly  enlarged  base  which  is  dark  brown; 
stipe  above  base  yellow  at  first,  becoming 
brown  with  age  or  handling;  fibrillose,  hollow, 
smooth  except  at  apex  which  is  pruinose  to 
mealy.  Partial  veil:  Arachnoid,  pallid  to  light 
buff,  evanescent,  leaving  no  annulus  on  the 
stipe.  Spores:  Dextrinoid,  ellipsoid,  finely 
warty,  no  visible  germ  pore,  8-9  X  4.5-5.5 
(jum.   Cheilocystidia:   Abundant,   ampulaceous 
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to  nine-pin  shape.  Pleurocystidia:  Few,  same 
as  cheilocystidia. 

Habitat. — Gregarious  on  a  fallen,  debarked 
hardwood  log.  Rare,  found  only  in  one  site  in 
Ginn  Woods.  [BSUHM  44,  47,  134,  185] 

Order  Dacrymycetales 

Family  Dacrymycetaceae 

Calocera  cornea  (Batsch:Fr.)  Fr. 

Description. — Fruiting  bodies:  Orange  to 
yellow  erect  pointed  spikes,  usually  simple 
but  occasionally  branched;  0.5-1.5  cm  tall, 
1—3  mm  wide;  rubbery-gelatinous.  Basidia: 
Forked.  Spores:  Few,  cylindric  to  allantoid, 
8-10  X  3.5-4  fim,  smooth. 

Habitat. — In  groups,  sometimes  large,  on 
decaying  hardwood  logs.  Abundant.  [BSUHM 
36,  99] 

Order  Ganodermatales 

Family  Ganodermataceae 

Ganoderma  applanation  (Pers.)  Pat. 

Description. — Fruiting  bodies:  Large  semi- 
circular or  fan-  or  shelf-like  conks,  5—25  cm 
wide  (although  larger  ones  occurred  in  the 
woods),  sessile,  thickened  and  broadly  at- 
tached to  substrate,  woody;  surface  hard, 
smooth  initially  then  furrowed,  ridged  and/or 
knobby,  not  varnished  but  heavily  covered 
with  a  brown  to  cocoa-brown  spore  powder; 
becoming  finely  cracked  and  roughened  with 
age;  brown  to  gray-brown  when  young,  fading 
to  gray;  flesh  (when  young)  soft,  corky,  brown 
to  cinnamon-brown.  Margin:  Usually  white. 
Hymenium:  Pores,  whitish  to  pallid,  instantly 
staining  brown  when  bruised;  4-6  per  mm, 
circular.  Tubes:  Distinctly  stratified  after  the 
first  year  (perennial)  and  separated  by  a  thin 
layer  of  chocolate-brown  tissue,  each  layer  5— 
1 1  mm  deep.  Spores:  Broadly  elliptical  and 
slightly  truncate  at  apex,  thick-walled,  mi- 
nutely spiny,  4—5.5  X  6—8  (Jim. 

Habitat. — In  groups  on  large  decaying 
hardwood  logs.  Abundant.  [BSUHM  119, 
120,  288] 

Ganoderma  lucidum  (W.  Curt.:Fr.)  Karst 

Description. — Fruiting  bodies:  Generally 
stipitate  (occasionally  sessile).  Caps:  Fan-  to 
kidney-shaped,  6-18  cm  wide  and  1-2  cm 
thick  near  stipe;  soft  to  corky  when  fresh;  sur- 
face dry,  smooth  to  wrinkled,  shiny  (appear- 
ing varnished)  when  young,  dull  with  age  and 


weathering,  concentrically  zoned  and  shallow- 
ly  furrowed;  dark  red-brown  to  brownish-or- 
ange. Margin:  White.  Cap  tissue:  Creamy 
white  becoming  dark  purple-brown.  Hymeni- 
um: Pores,  4—5  per  mm,  circular  to  angular, 
creamy  white  when  young  becoming  light 
buff  with  age;  bruising  dark  purple-brown. 
Stipe:  Typically  lateral,  shiny,  appearing  var- 
nished; brown  to  mahogany  or  blackish- 
brown. 

Habitat. — Solitary,  scattered  or  in  groups, 
growing  on  the  lower  trunk  of  living  sugar 
maples  (located  in  a  dry  vernal  pool)  or  from 
underground  hardwood.  Common  in  the  West 
Vernal  Pool  (Ruch  et  al.  1998).  [BSUHM  262] 

Order  Hericiales 

Family  Clavicoronaceae 

Clavicorona  pyxidata  (Fr.)  Doty 

Description. — Fruiting  bodies:  Erect  and 
coral-like,  with  numerous  repeatedly  forked 
branches  arising  from  a  short  stipe,  each 
branch  bearing  a  cup-shaped,  crown-like  tip; 
1 1  cm  tall  and  about  8  cm  wide;  surface 
smooth,  pallid  to  pale  yellow  when  young,  be- 
coming dull  ochre  to  tan  with  age.  Flesh: 
Tough  to  brittle,  whitish.  Spores:  Amyloid,  el- 
liptic, smooth,  hyaline,  4-5  X  2-3  |xm;  white 
in  mass. 

Habitat. — Solitary  to  scattered  on  rotting 
hardwoods.  Infrequent.  [BSUHM  329] 

Family  Hericiaceae 
Hericium  ramosnm  (Bull.:Merat.)  Let. 

Description. — Fruiting  bodies:  A  mass  of 
white,  long  multiple  branched  stipes  covered 
with  large  numbers  of  very  small  spines;  12- 
14  cm  across,  8  cm  high.  Spines:  0.5-1  cm 
long,  fairly  evenly  distributed  along  the  stipes 
much  like  the  teeth  on  a  comb.  Spores:  Round 
to  ellipsoid,  3-5  X  3-4  |nm,  smooth  or  mi- 
nutely roughened. 

Habitat. — On  decaying  hardwood  logs. 
Rare.  We  found  one  colony  with  nine  basidi- 
ocarps.  [BSUHM  23] 

Family  Lentinellaceae 

Lentinellus  ursinus  (Fr.)  Kuhner 

Description. — Caps:  Semicircular  to  fan- 
shaped,  3.5-14.5  cm  broad,  5-10  cm  wide, 
convex  to  planar,  dry,  densely  hairy  from 
point  of  attachment  outward,  hairs  stiff,  dark 
brown  to  cinnamon;  margin  incurved,  irregu- 
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lar  or  lobed,  and  glabrous;  cap  color  below 
hairs  dark  tan  to  light  brown;  cap  tissue  firm, 
thin,  pale  watery  brown  near  margin  and  dark 
brown  under  the  hairs;  mixed  with  amyloid 
and  nonamyloid  hyphae;  cap  with  a  fruity  aro- 
ma and  an  extremely  acrid  taste.  Hymenium; 
Gills,  very  broad,  close  coarsely  toothed  with 
ragged  edges;  pallid  to  tan  to  brown.  Spores: 
Nearly  round,  minutely  spined,  amyloid,  2.5— 
3  X  3-3.5  [xm;  spore  print  white. 

Habitat. — Gregarious,  overlapping  clusters 
growing  laterally  from  decaying  hardwood 
logs.  Infrequent.  [BSUHM  129] 

Order  Hymenochaetales 

Family  Hymenochaetaceae 

Phellinus  gilvus  (Schw.)  Pat. 

Description. — Fruiting  bodies:  Sessile, 
shelflike  or  bracketlike  to  slightly  effused-re- 
flexed,  tough  and  corky  when  fresh.  Caps: 
Fan-shaped  or  semicircular  in  outline,  2-7  cm 
broad,  1-3  cm  deep;  surface:  velvety  at  first, 
becoming  rough  and  hairless  with  age;  ochre 
to  bright  rusty-yellow  when  young,  becoming 
dark  rusty-brown  with  age,  eventually  turning 
black;  margin:  concolorous  with  the  cap.  Cap 
tissue:  Tough,  yellowish-brown  to  orange- 
brown,  staining  black  with  KOH.  Hymenium: 
Pores  circular,  minute,  4-8  per  mm,  grayish- 
brown  becoming  reddish-brown  to  dark 
brown.  Spores:  Elliptic,  smooth,  4-5  X  3-3.5 
(jum.  Setae  (e.g.,  large  brown  sterile  cells) 
abundant  among  the  basidia,  sharp  pointed, 
thick-walled,  20-30  X  5-6  fxm. 

Habitat. — In  groups  or  in  overlapping  clus- 
ters on  decaying  hardwoods.  Common. 
[BSUHM  330] 

Order  Lycoperdales 

Family  Geastraceae 

Geastrum  saccatum  Fr. 

Description. — Fruiting  bodies:  Stellate, 
6—12  cm  wide.  Outer  peridium:  Thick,  split 
into  starlike  rays  (2-4  cm  long)  at  the  top  and 
recurving  against  the  base;  ochre-buff  to  light 
yellow-brown.  Inner  peridium  (spore  case): 
Smooth,  round,  2.5  cm  across,  dull  gray  to 
brownish,  paler  at  the  mouth  area;  mouth 
formed  of  a  distinct  ring.  Gleba:  Powdery 
brown  at  maturity.  Spores:  Globose,  warty, 
3.5-4.5  X  4-4.5  |xm. 

Habitat. — In  a  group  around  a  decaying 
hardwood  stump.  Rare.  [BSUHM  259] 


Family  Lycoperdaceae 
Lycoperdon  pyriforme  Schaeff.:Pers. 

Description. — Fruiting  bodies:  Oval  to 
pear-shaped  with  a  stemlike  sterile  base;  1.5- 
3.5  cm  tall,  1.5—2  cm  broad.  Peridium:  Exo- 
peridium  finely  cracked  forming  small  patches 
of  minute  granules  on  young  specimens,  ab- 
sent on  older  specimens;  endoperidum 
smooth,  brown  to  dark  rusty-brown.  Sterile 
base:  Well-developed,  up  to  about  Vz  of  the 
fruiting  body,  interior  dull  white  with  small 
chambers;  base  bearing  many  white  mycelial 
threads  (rhizomorphs).  Mature  gleba:  Olive  to 
olive-brown,  powdery.  Spores:  Round, 
smooth,  3-3.5  |Jim. 

Habitat. — Gregarious  on  well-rotted  hard- 
wood logs.  Abundant.  [BSUHM  130,  152] 

Order  Nidulariales 

Family  Nidulariaceae 

Crucibulum  laeve  (Huds.)  Kamb. 

Description. — Fruiting  bodies:  Cup-shaped 
containing  numerous  spore  packets,  4—5  mm 
high,  6-7  mm  wide,  sessile;  margin  of  cup 
flared  slightly  or  tapered  downward;  outer  sur- 
face tan,  velvety;  inner  surface  pallid,  smooth 
and  shiny;  mouth  initially  covered  with  an  ep- 
iphragm,  which  is  coarsely  tomentose.  Peri- 
dioles  (spore  packets):  1-2  mm  broad,  whitish 
to  buff,  circular  but  flattened  (disklike),  at- 
tached to  peridium  by  a  long  thin  cord;  several 
per  fruiting  body. 

Habitat. — Several  growing  on  one  half  of 
a  hickory  nut  shell.  Rare.  [BSUHM  137] 

Order  Poriales 

Family  Coriolaceae 

Cerrena  unicolor  (Bull.:Fr.)  Murr. 

Synonym. — Daedal ea  unicolor  Bull.:Fr. 

Description. — Fruiting  bodies:  Sessile  to 
effused-reflexed  overlapping  brackets,  gray  to 
grayish-brown  to  light  brown,  1-5  cm  across; 
upper  surface  villose  to  tomentose  with  stiff 
hairs,  zonate,  hairless  between  the  zones; 
some  green  areas  due  to  a  coating  of  algae. 
Hymenium:  In  young  specimens  daedaloid 
(mazelike)  pores  breaking  up  into  flattened 
teeth  (e.g.,  toothlike)  with  age;  pore  depth  var- 
iable, 0.4-3.5  mm;  white  to  gray.  Spores:  El- 
lipsoid,   smooth,   4.5-5.5    X    2.5-3.5    |xm. 

Habitat. — On  decaying  hardwood.  Com- 
mon. [BSUHM  33,  140] 
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Ischnoderma  resinosum  (Schrad.:Fr.)  Karst 

Description. — Fruiting  bodies:  Sessile, 
broadly  attached,  semicircular  to  fan-shaped, 
occurring  singly  or  in  shelving  masses.  Caps: 
Fan-shaped,  7-19  cm  wide,  5-10  cm  across, 
1-3  cm  thick  at  base;  exuding  drops  of  orange 
to  orange-red  liquid;  upper  surface  velvety 
and  rough  like  sandpaper,  wrinkled  radially, 
dark  rusty-brown  to  blackish;  margin  thick; 
cap  flesh  tan  to  brown,  extremely  watery; 
fleshy  when  collected  becoming  very  tough 
and  corky  in  age  (or  drying).  Hymenium: 
Pores,  3—6  per  mm,  white  to  pallid,  bruising 
brown  on  injury  or  on  drying;  only  one  layer 
of  pores  (annual).  Spores:  Cylindrical, 
smooth,  5-6.5  X   1.5-2  \±m. 

Habitat. — On  decaying  hardwood  logs  and 
stumps.  Common.  [BSUHM  141,  142] 

Pycnoporus  cinnabarinus  (Jacq.:Fr.)  Karst 

Synonym. — Polyporus  cinnabarinus  Jacq.: 
Fr. 

Description. — Fruiting  bodies:  Semicircu- 
lar to  fan-shaped,  bright  orange  to  cinnabar 
red  when  young,  fading  with  maturity,  4-7  cm 
across,  2-4  cm  wide,  0.5-2  cm  thick,  sessile 
and  broadly  attached;  upper  surface  rough- 
ened, wrinkled,  slightly  tomentose  when 
young  weathering  to  glabrous  with  age.  Cap 
tissue:  Soft-corky  when  young  becoming 
tough  and  leathery;  turns  black  in  KOH;  red 
to  orange-red.  Hymenium:  Pores,  2-4  per 
mm,  circular  to  angular,  cinnabar  red  (conco- 
lorous  to  darker  than  cap  surface).  Spores:  Cy- 
lindrical to  allantoid,  smooth,  5-6  X  2-3  |jim. 

Habitat. — On  a  recently  fallen  beech  tree. 
Rare.  [BSUHM  231] 

Trametes  elegans  (Spreng.:Fr.)  Fr. 

Synonyms. — Daedalea  ambigua  Berk,  and 
Daedalea  elegans  Spreng.:Fr. 

Description. — Fruiting  bodies:  Semicircu- 
lar to  fan-shaped  and  sessile  or  occasionally 
nearly  circular  with  a  rudimentary  stipe;  near- 
ly planar,  8.5-15.5  cm  broad;  leathery  and 
flexible  when  young  and  moist,  rigid  and  hard 
corky  when  dry;  white  to  cream  throughout  or 
the  bases  occasionally  umber  to  black;  surface 
dry,  ranging  from  very  finely  tomentose  and 
velvety  to  the  touch,  to  glabrous  and  smooth 
with  age,  often  concentrically  zonate,  espe- 
cially near  the  margin,  and  warted  with  age. 
Hymenium:  Pores  conspicuously  variable, 
ranging  from  round  to  angular  to  irregular  to 


daedaloid  to  more  or  less  lamellate;  white  ini- 
tially, turning  creamy  white  to  pale  brown 
with  age  or  drying.  Spores:  Cylindric,  smooth. 
5-7  X   1.5-3  |jLm. 

Habitat. — In  groups  on  decaying  hard- 
wood logs  and  stumps.  Abundant.  [BSUHM 
35,  126,  127,  289] 

Trametes  hirsuta  (Wulf.:Fr.)  Pilat. 

Synonyms. — Polyporus  hirsutus  Wulf.:Fr. 

Description. — Fruiting  bodies:  A  semicir- 
cular to  fan-shaped,  sessile  mushroom.  Caps: 
Shelf-  or  bracketlike,  tough  and  leathery  when 
fresh,  rigid  dry;  surface  covered  with  dense 
conspicuous  hairs  (velvety),  concentrically 
zoned  but  colors  dull,  not  sharply  contrasting; 
various  shades  of  tan  and  light  yellow  browns, 
darker  towards  the  base;  margin  lighter  tan, 
wavy,  hairy.  Cap  tissue:  White  and  tough.  Hy- 
menium: Pores,  2-4  per  mm,  white  at  first, 
turning  light  yellowish-brown  with  age. 
Spores:  None  observed. 

Habitat. — Gregarious  on  decaying  beech 
logs;  occasionally  caps  fuse  forming  lines  of 
fruiting  bodies.  Common.  [BSUHM  172,  333] 

Trametes  versicolor  (L.:Fr.)  Pilat. 

Synonyms. — Polyporus  versicolor  L.:Fr. 
and  Coriolus  versicolor  (L.:Fr.)  Quel. 

Description. — Fruiting  bodies:  Semicircu- 
lar, fan-shaped  or  "turkey-tail-like, "  sessile, 
caps  often  fused  to  form  long  rows.  Caps:  2—6 
cm  broad,  leathery,  colorfully  zoned  with  var- 
ious shades  of  browns,  grays,  and  creams,  vel- 
vety to  touch  when  young  due  to  a  densely 
hairy  surface,  becoming  smooth  with  age. 
Margin:  White  to  cream.  Hymenium:  Pores, 
minute,  3-5  per  mm,  circular  to  irregularly  an- 
gular; white  becoming  yellowish  or  light 
brown  with  age.  Spores:  Ellipsoid,  smooth,  4— 
5.5  X   1.5-2  (Jim. 

Habitat. — In  rows  and  densely  overlapping 
clusters  on  decaying  hardwood  logs  and 
stumps.  Abundant.  [BSUHM  30,  L 04,  287] 

Trichaptum  biforme  (Fr.:Klotzch)  Ryv. 

Synonyms. — Polyporus  pargamenus  Fr. 

Description. — Fruiting  bodies:  Sessile, 
broadly  attached,  semicircular  to  fan-shaped, 
occurring  in  shelving  masses,  stipeless.  Caps: 
1-7  cm  wide,  1-4  cm  deep,  convex  to  typi- 
cally flat  with  age;  leathery  to  stiff.  Surface: 
Hairy  at  first,  smooth  with  age;  distinctly 
zoned  and  variously  colored  including  white 
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to  grayish,  reddish-brown,  ochre  to  dark 
brown;  margin  often  violet  and  wavy.  Cap  tis- 
sue: Thin,  0.5-1.5  mm  thick,  fibrous-tough, 
white  to  yellow.  Hymenium:  Pores  when 
young,  splitting  to  become  toothlike  and  jag- 
ged with  age;  white  to  brownish,  usually  with 
a  violet  tint  overall  but  especially  along  the 
margin;  pores  angular,  2-4  per  mm;  tubes  1— 
5  mm  long.  Spores:  Cylindrical,  smooth,  hy- 
aline, 5-6.5  X  2-2.5  |JLm;  white  in  mass. 

Habitat. — Numerous,  overlapping  caps  on 
decaying  hardwood  stumps  and  logs.  Infre- 
quent. [BSUHM  365] 

Family  Lentinaceae 
Phyllotopsis  nidulans  (Pers.:Fr.)  Sing. 

Description. — Fruiting  bodies:  Lateral  at- 
tached, bracket-like  caps  without  stipes;  odor 
sharp,  strong  and  unpleasant.  Caps:  Semicir- 
cular to  fan-shaped,  4-10.5  cm  across,  broad- 
ly convex;  margin  inrolled  when  young,  irreg- 
ular at  maturity;  dry,  densely  hairy;  light 
orange  to  orange-buff.  Cap  tissue:  Two-lay- 
ered, upper  layer  yellowish-orange,  lower  lay- 
er pale  orange-buff;  tough;  clamp  connections 
abundant.  Hymenium:  Gills  adnate,  crowded, 
narrow,  orange-buff  to  orange-yellow.  Spores: 
Narrowly  elliptical  to  allantoid,  smooth,  5-6 
X  2-2.5  |imm.  Spore  print:  Pinkish  (light  red- 
dish-cinnamon). 

Habitat. — Gregarious  in  overlapping  clus- 
ters on  hardwood  logs.  Infrequent.  [BSUHM 
128,  143] 

Pleurotus  ostreatus  (Jacqu.:Fr.)  Kummer 
Description. — Fruiting  bodies:  Shell-like 
with  eccentric  to  lateral,  often  absent,  stipes. 
Caps:  Shell-like  to  fan-shaped,  convex  when 
young  becoming  planar  to  slightly  depressed 
at  maturity;  3-14  cm  across;  moist,  smooth 
and  without  hairs;  white  to  pale  tan  or  yellow- 
ish-brown. Margin:  Wavy,  often  lobed  and 
splitting  with  age.  Flesh:  White.  Hymenium: 
Gills:  Decurrent  on  distinct  stipe  (or  the  blunt 
point  of  attachment),  crowded  and  narrow; 
white  to  pale  cream.  Spores:  Elliptical, 
smooth,  8-10  X  3-4  |jim.  Spore  print:  white 
to  buff  (reported  by  some  to  be  lilac). 

Habitat. — Large,  overlapping  clusters  on 
decaying  hardwood.  Abundant.  [BSUHM  24] 

Family  Polyporaceae 
Polyporus  alveola ris  (DC.:Fr.) 
Bond.  &  Sing. 
Synonyms. — Favolus  alveolaris  DC.:Fr. 
and  Polyporus  mori  Poll. 


Description. — Caps:  2-4.5  cm  wide,  semi- 
circular, convex  to  depressed,  fibrous-tough. 
Surface:  Dry,  scaly,  dark  brown  when  young, 
becoming  yellow-brown  in  age.  Margin:  In- 
curved and  lined  with  conspicuous  hairs.  Hy- 
menium: Large  pores,  0.5—3  mm  across,  hex- 
agonal to  angular,  often  radially  aligned, 
decurrent;  white  or  dull  creamy  or  very  pale 
yellow.  Stipe:  Eccentric  to  lateral,  short,  up  to 
10  mm,  concolorous  with  the  pores. 

Habitat. — On  small  dead  twigs  of  hard- 
woods. Common  to  abundant  especially  in  the 
spring.  [BSUHM  37] 

Polyporus  badius  (Pers.:S.F.  Gray)  Schw. 

Synonym. — Polyporus  picipes  Fr. 

Description. — Fruiting  bodies:  Stipitate, 
6—25  cm  across,  circular  to  irregular,  typically 
funnel-shaped  or  convex  to  slightly  depressed 
at  the  point  of  attachment  of  the  stipe,  fibrous 
tough;  young  specimens  yellowish-brown, 
black  toward  the  center  and  yellow  on  the 
margin,  older  specimens  chestnut-brown  to 
reddish-brown  with  a  blackish-brown  center. 
Surface:  Smooth  and  shiny  to  dull.  Margins: 
Incurved  when  young  becoming  uplifted,  thin, 
wavy  and  lobed  in  age.  Hymenium:  Pores, 
very  small,  5-7  per  mm,  generally  circular 
and  less  than  2  mm  deep,  wall  appearing  thick 
for  size  of  pore;  white  when  young,  becoming 
tan  in  age.  Stipe:  1-10.5  cm  long,  up  to  25 
mm  thick  at  apex,  eccentric  to  lateral,  black 
in  color  the  entire  length.  Spores:  Small,  5-8 
X  3-4  [Jim,  smooth,  hyaline,  cylindrical  to  el- 
lipsoid; white  in  mass. 

Habitat. — Gregarious  on  decaying  hard- 
wood. Abundant.  [BSUHM  108-110,  261] 

Polyporus  brumalis  Pers.:Fr. 

Description. — Fruiting  bodies:  1.5-4  cm 
across,  circular,  convex  and  depressed  where 
the  stipe  is  attached;  the  margin  is  inrolled; 
blackish-brown,  dry,  densely  hairy.  Stipe: 
1-2.5  cm  long,  slightly  eccentric,  light  brown 
(no  black  areas),  minutely  longitudinally 
ridged.  Hymenium:  Pores,  2-3  per  mm. 
Tubes:  About  1  mm  deep,  slightly  decurrent. 
Flesh:  Thin,  white.  Spores:  White  in  deposit, 
cylindric  to  allantoid,  smooth,  5-7  X  1.5-2.5 
(Jim. 

Habitat. — Decaying  hardwood.  Frequent. 
[139,  167] 
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Polyporus  elegans  Bull.:Fr. 

Synonym. — Polyporus  varius  (Pers.:Fr.)  Fr. 

Description. — Fruiting  bodies:  Stipitate, 
leathery  when  fresh  and  rigid  when  dry.  Cap: 
Circular  to  reniform,  2.3-7.2  cm  broad,  pale 
tan  to  dull  white  (in  age),  convex  when  young, 
becoming  depressed  at  the  point  of  attachment 
of  the  stipe  in  age,  smooth  with  waxy  and 
lobed  margins.  Stipe:  0.5-2.5  cm  long,  0.3- 
0.6  mm  thick,  equal,  eccentric  to  lateral,  tan 
above  and  black  below  (lower  half),  tough. 
Hymenium:  Pores,  small,  4—6  per  mm,  cir- 
cular to  angular,  white  when  young,  turning 
light  brown  with  age,  decurrent. 

Habitat. — In  groups  on  decaying  hard- 
wood branches.  Common.  [BSUHM  34,  121, 
122] 

Polyporus  radicatus  Schw. 

Description. — Fruiting  bodies:  Stipitate. 
Cap:  Circular,  convex  to  planar,  6-8  cm 
across,  yellowish-brown  to  soot-brown  due  to 
many  small  brown  patches  of  appressed  tufts 
of  fibrils;  dry,  velvety  to  scurfy  to  the  touch. 
Hymenium:  Pores,  white  at  first  turning 
cream-yellow  with  age,  decurrent,  angular, 
about  4  mm  deep  at  the  stipe,  typically  2  per 
mm.  Stipe:  7  cm  long,  0.6-0.9  cm  across  at 
the  apex,  enlarging  downward,  hollow,  flesh 
creamy  to  pallid  color;  top  portion  of  stipe 
concolorous  to  slightly  lighter  than  the  cap, 
scurfy  to  slightly  scaly;  lower  portion  of  the 
stipe  black  forming  a  long  pseudorhiza. 
Spores:  Ellipsoid,  11  —  15  X  5.5-7  (Jim,  white 
in  deposit,  abundant  for  a  polypore. 

Habitat. — Singly  on  ground  around  a  hard- 
wood stump.  I  have  since  found  several  col- 
lections of  this  fungus.  Infrequent  to  common. 
[BSUHM  107,  144] 

Polyporus  squamosus  Huds.:Fr. 

Description. — Fruiting  bodies:  Stipitate. 
Cap:  Fan-shaped,  overlapping,  slightly  de- 
pressed at  point  of  stipe  attachment,  17.5-36 
cm  across,  yellowish  to  ochraceous-cream 
color,  surface  covered  with  large  brown  ap- 
pressed hairy  scales  arranged  in  concentric 
rings;  strong  mealy  smell.  Hymenium:  Large 
pores,  1+  mm  wide,  angular  to  irregular,  de- 
current,  whitish  at  first,  turning  yellow-cream 
with  age.  Stipe:  All  stipes  fused  to  a  common 
base,  generally  black  but  with  creamy  areas 
concolorous  with  pores,  stubby,  laterally  at- 


tached to  the  cap,  7—10  cm  long,  1 1  cm  across 
(for  all  three  stipes  of  collection  BSUHM  92). 
Habitat. — Rotting  hardwood  trees.  Abun- 
dant. [BSUHM  92,  103] 

Order  Schizophyllales 

Family  Schizophyllaceae 

Schizophyllum  commune  Fr. 

Description. — Fruiting  bodies:  Small,  9—24 
mm  wide,  fan-shaped,  dry,  densely  hairy, 
white  to  grayish  when  dry.  Margin:  Lobed, 
hairy  and  inrolled  when  dry.  Hymenium:  Gills 
white  to  grayish,  the  gills  split  down  the  long 
axis  and  the  sides  recurved  in  dry  weather. 
Stipe:  None. 

Habitat. — In  a  group  on  hardwood  sticks. 
Common  to  abundant.  [BSUHM  32] 

Order  Stereales 

Family  Hyphodermataceae 

Sarcodontia  setosa  (Pers.)  Donk 

Description. — Fruiting  bodies:  Resupinate, 
15-25  cm  across,  30-45  cm  long,  forming 
crustlike  spreading  patches;  no  noticeable 
odor.  Hymenium:  Yellow  developing  reddish 
stains  where  bruised;  bearing  downward 
pointing  teeth  or  spines,  5-12  mm  long. 
Spores:  Teardrop  shape,  smooth,  5—6  X  3-4 
fxm. 

Habitat. — Decaying  hardwood  logs.  Rare. 
[BSUHM  169] 

Family  Meruliaceae 
Gleoeporus  dichrous  (Fr.)  Bres. 

Synonym. — Caloporus  dichrous  Fr. 

Description. — Fruiting  bodies:  Resupinate 
and  overlapping  with  the  edges  forming  elon- 
gated, narrow  shelves  up  to  3.5  cm  long;  edg- 
es sharp  and  undulating.  Cap:  White  with  con- 
centric rings,  finely  hairy.  Tubes:  Rubbery 
when  fresh,  resinous  and  tough  when  dry. 
Pores:  4—6  per  mm,  round  to  angular,  reddish- 
brown  and  glaucous.  Flesh:  White. 

Habitat. — Decaying  hardwood  logs.  Infre- 
quent. [BSUHM  155] 

Phlebia  radiata  Fr. 

Synonym. — Phlebia  merismoides  Fr. 

Description. — Fruiting  bodies:  8-15  cm 
across,  running  together  so  the  entire  mass  is 
9-15  cm  long;  2-3  mm  thick;  resupinate. 
forming  irregular  round  to  oval  patches  with 
a  fringed  margin,  color  variable  from  a  dull 


90 


PROCEEDINGS  OF  THE  INDIANA  ACADEMY  OF  SCIENCE 


flesh  color  to  purplish  to  bright  fluorescent  or- 
ange, especially  at  the  margins.  Surface: 
Wrinkled  with  radiating  ridges.  Spores:  Allan- 
toid,  4-6  X   1-1.5  jxrn. 

Habitat. — Decaying  hardwood  logs.  Rare. 
[BSUHM  157] 

Phlebia  tremellosus  (Schrad.:Fr.) 
Nakas.  &  Burds. 

Synonym. — Merulius  tremellosus  Schrad.: 
Fr.  ' 

Description. — Fruiting  bodies:  Soft  with 
watery  flesh,  often  forming  overlapping  clus- 
ters. Upper  surface:  White  to  pale  yellow  and 
hairy  to  wooly.  Hymenium:  Orange  to  orange- 
buff,  merulioid  or  variously  veined,  wrinkled 
and  porous.  Pores:  Shallow,  1-2  per  mm,  ir- 
regular. 

Habitat. — Decaying  hardwood  logs  near  or 
in  the  leaf  litter.  Infrequent.  [BSUHM  123, 
132] 

Family  Steccherinaceae 
Irpex  lacteus  (Fr.:Fr.)  Fr. 

Description. — Fruiting  bodies:  Resupinate 
with  free  edges  curling  up  from  the  large, 
spreading,  crustlike  mass;  upper  surface  of 
free  edge  white  to  pallid,  densely  wooly.  Hy- 
menium: Varying  from  ridges  to  teethlike  pro- 
jections to  pores.  Pores:  Cream  to  pale  buff; 
2-3  pores  per  mm,  angular,  up  to  3  mm  deep, 
walls  very  irregular  in  length.  Cystidia:  Many, 
conspicuous,  long  and  encrusted. 

Habitat. — Spreading,  overlapping  clusters 
on  decaying  hardwood.  Common.  [BSUHM 
133,  150] 

Family  Stereaceae 
Stereum  hirsutum  (Willd.:Fr.)  S.F.  Gray 

Description. — Fruiting  bodies:  Thin,  leath- 
ery, pliant  when  moist,  rigid  when  dry;  an- 
nual; bracketlike  to  shelflike,  frequently  oc- 
curring in  rows  and  often  fused  laterally  to 
form  lobed  shelves.  Individual  caps:  1-5  cm 
broad;  plane  to  wavy;  surface  dry  and  con- 
centrically zoned  with  white,  tan,  light  brown 
and/or  dark  brown  matted  hairs,  smooth  to- 
ward the  margin;  where  the  hairs  are  missing, 
the  cap  is  dark  chestnut-brown;  greenish  to- 
ward point  of  attachment  due  to  algal  growth. 
Hymenium:  smooth  to  wrinkled,  concentrical- 
ly zoned  in  browns,  darker  towards  base,  ligh- 
ter towards  margin;  margin  tan.  Stipe:  None. 

Habitat. — In  groups,  frequently  fused  and 


forming  dense  overlapping  clusters  on  decay- 
ing hardwood  logs.  Abundant.  [BSUHM  124, 
125] 

Stereum  striatum  (Fr.)  Fr. 

Description. — Fruiting  bodies:  0.3-1.5  cm 
across,  nearly  circular  to  fan-shape  in  outline, 
frequently  fused  laterally  to  form  longer  lines; 
buff  to  pale  brown;  surface  dry  with  radiating, 
loosely  arranged  hairs,  concentrically  zonate. 
Hymenium:  Buff  to  pale  brown,  slightly  zo- 
nate especially  at  the  margin,  but  appearing 
cracked  like  the  pieces  of  a  puzzle;  smooth. 
Flesh:  Tough,  thin,  pliant  when  fresh. 

Habitat. — In  masses  on  dead  twigs  of  hard- 
woods, especially  Carpinus  caroliniana  Wal- 
ter. Common.  [BSUHM  145] 

Order  Thelephorales 

Family  Thelephoraceae 

Thelephora  palmata  Scop.:Fr. 

Description. — Fruiting  bodies:  Erect,  pro- 
fusely branched  from  a  common  base,  9  cm 
tall,  7  cm  wide.  Branches:  Purplish-brown 
when  fresh,  turning  chocolate-purple  over- 
night on  drying);  flattened;  tips  palmlike  and 
pallid.  Stipe:  Common,  tough  and  leathery. 
Odor:  Garliclike.  Spores:  8-1 1  X  7-8  (Jim,  el- 
liptical-angular, spiny. 

Habitat. — Singly  on  moist,  rich  ground  in 
woods.  Rare.  [BSUHM  72] 

ASCOMYCOTA 

Order  Leotiales 

Family  Leotiaceae 

Bisporella  citrina  (Batsch:Fr.) 
Korf  &  Carpenter 

Synonym. — Calycella  citrina  (Hedw.:Fr.) 
Boud. 

Description. — Fruiting  bodies:  saucer- 
shaped,  essentially  stipeless,  hymenium  and 
outer  surface  smooth,  1-3  mm  across,  bright 
lemon-yellow  to  golden  yellow.  Asci:  Inoper- 
culate,  thin-walled,  135  X  10  (Jim.  Spores:  El- 
liptic, smooth,  hyaline  with  oil  droplets  at 
each  end,  9-14  X  3-5  [Jim,  frequently  1 -sep- 
tate. 

Habitat. — Gregarious  in  large  numbers  on 
debarked  hardwood  logs.  Abundant.  [BSUHM 
332] 
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Order  Pezizales 

Family  Otideaceae 

Scutellinia  scutellata  (L.:Fr.)  Lamb. 

Description. — Fruiting  bodies:  Sessile  apo- 
thecia,  4-8  mm  broad,  disc-  or  saucer-shaped; 
inner  (upper  or  hymenial)  surface  bright  or- 
ange-red, the  outer  (lower)  surface  light 
brown  and  covered  with  stiff  black  hairs  (se- 
tae) which  look  like  eyelashes  rimming  the 
margin;  setae  rooting  in  the  flesh  of  the  apo- 
thecium,  up  to  45  |jim  thick,  thick-walled,  sep- 
tate, tapering  to  a  point.  Paraphyses:  Mycelial 
to  typically  clavate,  up  to  10  (Jim  thick  at  the 
tip,  brownish-purple  in  Melzer's  solution. 
Asci:  About  300  X  25  |Jim,  no  apical  appa- 
ratus visible.  Spores:  Ellipsoid,  18-19  X  10- 
12  |jLm,  minutely  warty,  containing  many 
small  to  a  few  large  lipid  droplets. 

Habitat. — On  wet,  well  rotted  hardwood 
logs.  Abundant.  [BSUHM  138,  153] 

Family  Sarcoscyphaceae 
Sarcoscypha  coccinea  (Fr.)  Lambotte 

Description. — Fruiting  bodies:  Apothecia, 
sessile  or  with  a  rudimentary  stipe,  1-8  cm 
broad,  cup-shaped;  inner  (upper  or  hymenial) 
surface  bright  scarlet,  outer  (lower)  surface 
white  and  floccose  with  matted  hairs;  margin 
generally  inrolled.  Paraphyses:  Slender,  fork- 
ing near  the  base,  not  enlarging  upward,  con- 
taining red  granular  material,  2-4  (jum  broad; 
stains  green  in  Melzer's  solution.  Asci:  Uni- 
tunicate,  up  to  400  |xm  by  16  |xm,  hyaline. 
Spores:  Uniseriate,  hyaline,  ellipsoid  with  ob- 
tuse ends,  two  guttulate  with  droplets  aggre- 
gating at  both  ends  of  the  spore,  10-13  X  25- 
27  |xm. 

Habitat. — Gregarious  and  widespread  on 
dead  hardwood  branches  and  stems.  Abun- 
dant. [BSUHM  176-178] 

Sarcoscypha  occidentalis  (Schw.)  Sacc. 

Description. — Fruiting  bodies:  Stipitate 
apothecia,  cup-shaped,  cups  shallow,  0.5-2.9 
cm  broad;  inner  (upper  of  hymenial)  surface 
scarlet,  outer  (lower)  surface  whitish-pink  and 
smooth.  Stipe:  White,  round,  8-35  mm  long, 
1-3  mm  wide.  Spores:  Ellipsoid,  two  guttulate 
with  droplets  aggregating  at  both  ends  of  the 
spore,  10-12  X  20-22  ujn. 

Habitat. — Singly  to  groups  on  dead  hard- 
wood  sticks   and  branches   in   damp   woods. 


Abundant    and    widespread.    [BSUHM     182, 
183] 

Family  Sarcosomataceae 
Urnula  crate Hum  (Schw.)  Fr. 

Description. — Fruiting  bodies:  Urn- 
shaped,  stipitate  apothecia,  5-9  cm  tall,  2-5.5 
cm  broad  at  top,  brownish-black  to  black; 
margin  of  urn  remaining  incurved  with  scal- 
loped (sometimes  torn)  edges;  flesh  tough  and 
fibrous  or  leathery.  Stipes:  2-4  cm  long,  5-8 
mm  thick,  concolorous  with  urn.  Hymenium: 
Black  when  fresh.  Asci:  500-600  X  15-17 
fxm,  unitunicate,  operculate,  hyaline.  Spores: 
Narrowly  ellipsoid,  smooth,  uniseriate,  no  oil 
droplets  visible,  grayish,  9-10  X  21-28  (xm. 
Paraphyses:  Numerous,  septate,  branched,  not 
thickening  toward  apex,  2-4  fxm  diameter. 

Habitat. — Occurring  singly  or  in  groups  on 
decaying  hardwood  sticks,  limbs  and  logs. 
Common  in  spring.  [BSUHM  179-181] 

Order  Xylariales 

Family  Xylariaceae 

Daldinia  concentrica  (Bolton:Fr.) 
Cesati  &  de  Notaris 

Description. — Fruiting  bodies:  Hemispher- 
ical, carbonaceous,  black  stroma  covered  with 
minute  pores;  hard,  smooth.  Internal  concen- 
tric zones  revealed  when  cut  in  half.  Flask- 
shaped  perithecia  visible  in  outer  concentric 
zone.  Spores:  Elliptical,  smooth,  dark  brown, 
single-celled,  12-16  X  6-9  |jimm,  occurring  in 
a  single  row  within  the  ascus. 

Habitat. — On  decaying  hardwood  limbs, 
logs  and  bark.  Common.  [BSUHM  31] 

Hy poxy  Ion  fragiforme  (Pers.:Fr.)  Kickx. 

Description. — Fruiting  bodies:  Stromata 
brick-red  at  maturity,  eventually  turning 
brownish-black  to  black  with  age;  hemispher- 
ical, 3—7  mm  across,  confluent  forming  exten- 
sive lobed  crusts;  surface  papillate  with  pro- 
truding tips  of  perithecia  but  ostiolar  necks  do 
not  extend  beyond  the  crust  of  the  stroma;  os- 
tioles  breaking  exposing  pore  into  peritheci- 
um.  Ascospores:  Uniseriate,  reniform  with 
one  side  flattened,  blackish-brown,  1-2  gut- 
tulate, 10-12  X  5-6  ixm. 

Habitat. — Gregarious  on  the  bark  and 
wood  of  recently  fallen  beech  trees.  Abun- 
dant. [BSUHM  131,  175] 
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Xylaria  longipes  (Nitschke)  Dennis 

Description. — Fruiting  bodies:  Stromata 
more  or  less  club-shaped  (sometimes  irregular 
or  even  slightly  lobed)  with  a  short  cylindrical 
stipe,  3-8  cm  tall,  3-3.5  mm  wide  at  widest 
point,  hard  or  carbonaceous;  surface  dull 
black,  finely  wrinkled  or  roughened  and 
cracked;  interior  flesh  white  to  pallid,  corky 
and  tough.  Spores:  One-celled,  irregularly  el- 
liptic with  one  side  flattened,  dark  gray  to 
black,  1-2  guttulate,  11-15  X  5-6  |jim. 

Habitat. — Gregarious  on  rotting  maple 
logs.  Frequent.  [BSUHM  113,  174] 

DISCUSSION 

This  survey  of  Ginn  Woods  identified  60 
species  of  lignicolous  macromycetes,  includ- 
ing 52  species  of  basidiomycetes  and  8  spe- 
cies of  ascomycetes.  The  52  species  of  basid- 
iomycetes represented  38  genera  from  23 
families  and  13  orders,  and  the  8  species  of 
ascomycetes  represented  7  genera  from  5  fam- 
ilies and  3  orders  (Hawksworth  et  al.  1995). 
To  our  knowledge  this  is  the  first  report,  in- 
cluding voucher  specimens,  of  these  60  from 
Delaware  County,  Indiana. 

As  detailed  in  the  introduction  of  this  paper, 
our  knowledge  pertaining  to  the  occurrence 
and  distribution  of  macromycetes  in  Indiana 
is  extremely  limited.  Ultimately,  we  would 
like  to  have  county  by  county  information  de- 
scribing the  occurrence  and  distribution  of 
each  macromycete  species,  similar  to  infor- 
mation currently  available  concerning  the  vas- 
cular flora  of  Indiana  (Deam  1940)  and  other 
states  (Dorn  1984;  Hickman  1993;  Radford  et 
al.  1968;  Strausbaugh  &  Core  1997;  Swink  & 
Wilhelm  1994;  Voss  1972,  1985,  1996).  In  or- 
der to  achieve  this  goal,  we  suggest  the  fol- 
lowing plan.  First,  the  State  be  divided  into 
six  regions,  e.g.,  northeast,  east-central,  south- 
east, northwest,  west-central,  and  southwest. 
Second,  one  university  in  each  region  be  des- 
ignated the  center  for  macromycetes  study  in 
that  region.  We  recommend  the  following  uni- 
versities for  each  region:  Purdue  University  in 
the  northwest  region,  Indiana  State  University 
in  the  west-central  region,  the  University  of 
Southern  Indiana  in  the  southwest  region,  No- 
tre Dame  University  in  the  northeast  region, 
Ball  State  University  in  the  east-central  re- 
gion, and  Indiana  University  in  the  southeast 
region.  These  six  centers  of  macromycetes  re- 
search   would    be    responsible    for    housing 


voucher  specimens  and  transmitting  this  in- 
formation to  the  Indiana  Biological  Survey  for 
loading  on  the  IBS  statewide  database. 

ACKNOWLEDGMENTS 

The  authors  wish  to  thank  the  Office  of  Ac- 
ademic Research  and  Sponsored  Programs, 
Ball  State  University  for  financial  support.  We 
also  express  our  appreciation  to  Drs.  Walter 
Sundberg,  Andy  Methven,  Greg  Mueller  and 
Pat  Leacock  for  verifying  many  of  the  species 
listed. 

LITERATURE  CITED 

Arora,  D.  1986.  Mushrooms  Demystified,  2nd  ed. 
Ten  Speed  Press,  Berkeley,  California.  959  pp. 

Badger,  K.S.,  D.G.  Ruch,  A.  Schoultz,  J.E.  Taylor 
&  B.E.  Jones.  1998.  Structure  and  Composition 
of  Ginn  Woods,  an  Old-Growth  Forest  in  East- 
Central  Indiana.  Proceedings  of  the  Indiana 
Academy  of  Science  107:1-15. 

Barron,  G.  1999.  Mushrooms  Of  Northeast  North 
America.  Lone  Pine  Publishing,  Renton,  Wash- 
ington. 336  pp. 

Bessette,  A.E.,  A.R.  Bessette  &  D.W.  Fischer. 
1997.  Mushrooms  Of  Northeastern  North  Amer- 
ica. Syracuse  University  Press,  Syracuse,  New 
York.  582  pp. 

Deam,  C.C.  1940.  Flora  Of  Indiana.  Department  of 
Conservation,  Division  of  Forestry,  Indianapolis, 
Indiana.  1236  pp. 

Dickinson,  C.  &  J.  Lucus.  1979.  The  Encyclopedia 
Of  Mushrooms.  G.P.  Putnam's  Sons,  New  York, 
New  York.  280  pp. 

Dorn,  R.D.  1984.  Vascular  Flora  Of  Montana. 
Mountain  West  Pub.,  Cheyenne,  Wyoming.  276 
pp. 

Gilbertson,  R.L.  &  L.  Ryvarden.  1987.  North 
American  Polypores.  Fungiflora,  Oslo,  Norway. 
885  pp. 

Harper,  H.H.  1985.  Harper's  Mushroom  Reference 
Guide  &  Check  List.  Herbert  H.  Harper,  Forest 
Lake,  Minnesota.  169  pp. 

Hawksworth,  D.L.,  P.M.  Kirk,  B.C.  Sutton  &  D.N. 
Pegler.  1995.  Ainsworth  &  Bisby's  Dictionary 
of  the  Fungi,  8th  ed.  International  Mycological 
Institute,  An  Institute  of  CAB  International.  616 
pp. 

Hickman,  J.C.  (ed.)  1993.  The  Jepson  Manual: 
Higher  Plants  Of  California.  University  of  Cali- 
fornia Press,  Berkeley,  California.  1424  pp. 

Homoya,  M.A.,  D.B.  Abrell,  J.R.  Aldrich  &  T.W 
Post.  1985.  The  Natural  Regions  of  Indiana. 
Proceedings  of  the  Indiana  Academy  of  Science 
94:245-268. 

Horn,  B.,  R.  Kay  &  D.  Abel.  1993.  A  Guide  to 
Kansas  Mushrooms.  University  Press  of  Kansas, 
Lawrence,  Kansas.  297  pp. 


RUCH  ET  AL.— LIGNICOLOUS  FUNGI 


93 


Huffman,  D.M.,  L.H.  Tiffany  &  G.  Knaphus.  1989. 
Mushrooms  &  Other  Fungi  of  the  Midcontinental 
United  States.  Iowa  State  University  Press, 
Ames,  Iowa.  326  pp. 

Huffman,  K.K.  1972.  Soil  Survey  of  Delaware 
County,  Indiana.  U.S.  Department  of  Agriculture 
and  Soil  Conservation  Service.  U.S.  Government 
Printing  Office.  Washington,  D.C. 

Indiana  Academy  of  Science.  1996.  Directory  of 
Natural  History  Collections  Housed  in  Indiana. 
Indiana  Academy  of  Science,  Indianapolis,  In- 
diana. 48  pp. 

Krieger,  L.C.C.  1967.  The  Mushroom  Handbook. 
Dover  Publications,  Inc.,  New  York,  New  York. 
560  pp. 

Lincoff,  G.H.  1983.  The  Audubon  Society  Field 
Guide  To  North  American  Mushrooms.  Knopf 
Press,  New  York,  New  York.  928  pp. 

McClain,  M.S.  1985.  The  Forest  Composition  And 
The  Pedology  Of  The  Undisturbed  Soils  In  Old- 
Growth  Virgin  Beech-Maple  Forest  In  East-Cen- 
tral Indiana.  M.S.  Thesis,  Ball  State  University, 
Muncie,  Indiana.  242  pp. 

McKnight,  K.H.  &  V.B.  McKnight.  1987.  Peterson 
Field  Guide  To  Mushrooms.  Houghton  Mifflin, 
Boston,  Massachusetts.  429  pp. 

Metzler,  S.  &  V.  Metzler.  1992.  Texas  Mushrooms, 
A  Field  Guide.  University  of  Texas  Press,  Aus- 
tin, Texas.  350  pp. 

Miller,  O.K.,  Jr.  1979.  Mushrooms  Of  North  Amer- 
ica, 3rd  ed.  E.P.  Dutton,  New  York,  New  York. 
368  pp. 

Phillips,  R.  1991.  Mushrooms  Of  North  America. 
Little,  Brown  and  Co.,  Boston,  Massachusetts. 
319  pp. 

Radford,  A.E.,  H.E.  Ahles  &  Bell.  1968.  Manual 
Of  The  Vascular  Flora  Of  The  Carolinas.  The 
University  of  North  Carolina  Press,  Chapel  Hill, 
North  Carolina.  1 1 83  pp. 

Ramsbottom,  J.    1954.    Mushrooms  &  Toadstools. 


A  Study  Of  The  Activities  Of  Fungi.  Collins 
Clear-Type  Press,  London,  England.  306  pp. 

Ruch,  D.G.,  A.  Schoultz  &  K.S.  Badger.  1998.  The 
Flora  and  Vegetation  of  Ginn  Woods,  Ball  State 
University,  Delaware  County,  Indiana.  Proceed- 
ings of  the  Indiana  Academy  of  Science  107: 1 7- 
60. 

Schalkwijk-Barendsen,  H.M.E.  1991.  Mushrooms 
Of  Northwest  North  America.  Long  Pine  Pub- 
lishing, Redmond,  Washington.  416  pp. 

Singer,  R.  1986.  The  Agaricales  In  Modern  Tax- 
onomy. Koeltz  Scientific  Books.  1070  pp. 

Smith,  A.H.  &  N.S.  Weber.  1980.  The  Mushroom 
Hunter's  Field  Guide.  University  of  Michigan 
Press,  Ann  Arbor,  Michigan.  316  pp. 

States,  J.S.  1990.  Mushrooms  And  Truffles  Of  The 
Southwest.  University  of  Arizona  Press,  Tucson, 
Arizona.  234  pp. 

Strausbaugh,  RD.  &  E.L.  Core.  1997.  Flora  Of 
West  Virginia.  Seneca  Books,  Morgantown,  West 
Virginia.  1119  pp. 

Swink,  F.  &  G.  Wilhelm.  1994.  Plants  Of  The  Chi- 
cago Region.  Indiana  Academy  of  Science,  4th 
ed.,  Indianapolis,  Indiana.  921  pp. 

Voss,  E.G.  1972.  Michigan  Flora.  Part  I:  Gymno- 
sperms  And  Monocots.  Cranbrook  Institute  of 
Science,  Bloomfield  Hills,  Michigan.  488  pp. 

Voss,  E.G.  1985.  Michigan  Flora.  Part  II:  Dicots 
(Saururaceae  -  Cornaceae).  Cranbrook  Institute 
of  Science  Bulletin  59,  Ann  Arbor,  Michigan. 
724  pp. 

Voss,  E.G.  1996.  Michigan  Flora.  Part  III:  Dicots 
(Pyrolaceae  -  Compositae).  Cranbrook  Institute 
of  Science  Bulletin  61,  Ann  Arbor,  Michigan. 
622  pp. 

Weber,  N.S.  &  A.  Smith.  1985.  A  Field  Guide  To 
Southern  Mushrooms.  University  of  Michigan 
Press,  Ann  Arbor,  Michigan.  280  pp. 

Manuscript  received  7  January  2001,  revised  20 
August  2001. 


2001.  Proceedings  of  the  Indiana  Academy  of  Science  110:94-103 


A  TRANSMISSION  ELECTRON  MICROSCOPIC  STUDY 

OF  THE  PHARYNGEAL  ARMATURE  IN  THE  LARVAL 

DROSOPHILA  MELANOGASTER 

Mohinder  S.  Jarial:     Muncie  Center  for  Medical  Education,  Ball  State  University, 
Muncie,  Indiana  47306 

ABSTRACT.  The  ultrastructure  of  pharyngeal  armature  was  investigated  in  the  larval  Drosophila  me- 
lanogaster,  which  principally  feeds  on  yeasts  and  bacteria.  The  pharyngeal  epithelial  cells  have  large 
nuclei  with  prominent  nucleoli.  Their  cytoplasm  is  rich  in  ribosomes,  vesicles,  vacuoles  containing  elec- 
tron-dense material  and  large  mitochondria;  but  the  rough  endoplasmic  reticulum  and  Golgi  complexes 
are  sparse.  These  cells  apparently  secrete  the  pharyngeal  cuticular  intima,  consisting  of  three  layers:  the 
lamellate  endocuticle,  the  exocuticle  with  trabeculae-bound  spaces  and  the  thin  epicuticle  lining  the  luminal 
surface.  The  dorsal  cuticular  intima  of  the  pharynx  displays  blunt  teeth.  The  ventral  cuticular  intima  is 
folded  to  form  nine  vertically-oriented  pharyngeal  ribs  with  bifurcated  tips.  Each  bifurcation  is  further 
divided  into  four  to  five  sharp,  intertwining,  finger-like  processes  with  food  particles  trapped  between 
them.  It  is  suggested  that  the  blunt  cuticular  teeth  and  sharp  finger-like  processes  of  the  ribs  of  pharyngeal 
armature  of  Drosophila  larvae  are  most  suited  for  breaking  down  the  rigid  cell  walls  of  food  particles 
such  as  yeasts  and  bacteria,  thus  releasing  their  cellular  contents  for  digestion  and  absorption  in  the  midgut. 

Keywords:     Epithelial  cells,  mitochondria,  ribosomes,  cuticular  intima,  teeth,  ribs,  food  particles 


In  the  majority  of  insects,  the  alimentary 
canal  comprises  three  regions:  the  foregut, 
midgut  and  hindgut.  The  foregut  and  hindgut 
are  ectodermal  in  origin,  while  the  midgut 
originates  from  endoderm.  The  foregut  is 
lined  by  the  cuticular  intima  and  is  mainly 
concerned  with  the  passage,  storage  and  frag- 
mentation of  food  material  before  it  reaches 
the  midgut  (Snodgrass  1935;  Chapman  1985; 
Lehane  1998). 

In  the  larvae  of  Drosophila  melanogaster, 
the  foregut  consists  of  the  buccal  cavity  (atri- 
um), pharynx,  esophagus  and  proventriculus. 
The  pharynx  is  the  dilated  portion  of  the  fore- 
gut situated  between  the  oral  cavity  and 
esophagus.  In  addition  to  the  typical  muscular 
coat  of  the  foregut,  the  pharynx  has  dilator 
muscles  that  aid  in  conveying  food  from  the 
buccal  cavity  to  the  esophagus  (Chapman 
1985;  Skaer  1993). 

The  cuticular  intima  of  the  foregut  in  in- 
sects displays  teeth,  spines,  piercing  stylets 
and  complex  triturating  devices  which  appar- 
ently breakdown  and  filter  food  material 
(Snodgrass  1935;  Parsons  1972;  McGreevy  et 
al.  1978;  Coluzzi  et  al.  1982;  Kapoor  1997; 
Lehane  1998).  In  Drosophila  larvae  the  ce- 
phalopharyngeal  armature  is  a  complex  struc- 


ture consisting  of  a  pair  of  hooks  which  pos- 
teriorly articulate  with  the  so-called  H-piece 
(Jurgens  et  al.  1986).  Located  behind  the 
H-piece  is  a  pair  of  large  vertically-placed  ce- 
phalopharyngeal  plates  with  dorsal  and  ven- 
tral arms  which  support  the  buccal  cavity  and 
pharynx.  In  addition,  the  floor  of  the  pharynx 
displays  a  series  of  cuticular  bars  or  ribs 
(Strasburger  1932;  Bodenstein  1965;  Jurgens 
et  al.  1986). 

The  studies  of  Wheeler  (1947;  1950)  dem- 
onstrated that  radioactive  iodine  (I131)  was 
concentrated  in  the  buccopharyngeal  cells  and 
armature  of  Drosophila  gihberosa  larva  but 
no  concentration  of  I131  appeared  in  its  endo- 
crine structures.  These  findings  clearly  indi- 
cated that  the  Drosophila  larva  was  able  to 
take  up  iodine  in  the  food  and  metabolically 
incorporate  it  in  the  protein  component  of  the 
cuticular  intima  of  the  pharynx.  It  seems  prob- 
able that  members  of  large  phyla  of  inverte- 
brates, with  the  exception  of  protozoans  and 
echinoderms,  synthesize  iodoproteins  to  some 
extent,  supporting  the  theory  that  perhaps  the 
pharynx  in  an  invertebrate  might  be  special- 
ized and  become  associated  with  thyroid-like 
iodine  transporting  structure  found  in  the  ver- 
tebrates (Gorbman  et  al.  1983). 
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The  aim  of  the  present  study  was  to  ex- 
amine the  fine  structure  of  the  posterior  pha- 
ryngeal armature  (skeleton)  in  full-grown  lar- 
va of  D.  melanogaster  to  elucidate  its  role  in 
the  breakdown  of  food  material. 

METHODS 

Cultures  of  wild-type  D.  melanogaster 
(Oregon  R-P2)  were  maintained  on  instant 
Drosophila  medium  (formula  4-24,  Carolina 
Biological).  Large  "wandering"  third-instar 
larvae  were  isolated  from  these  cultures  and 
used  in  this  study.  The  larvae  were  dissected 
into  insect  Ringer's  (Hoyle  1953),  and  the 
posterior  pharynx  was  excised  at  the  level  of 
the  anterior  spiracles.  The  pharynges  were  im- 
mediately fixed  by  immersion  at  room  tem- 
perature in  a  cocktail  of  2.5%  glutaraldehyde 
and  2%  paraformaldehyde  (1:1)  in  O.l  M  cac- 
odylate  buffer  at  pH  7.4  (Millonig  1976)  and 
subsequently  post-fixed  in  1  %  osmium  tetrox- 
ide  in  the  same  buffer.  The  pharynges  were 
dehydrated  in  an  ethanol  series  to  propylene 
oxide  and  embedded  in  LX112  (Ladd  Indus- 
tries) (Luft  1961).  Polymerization  was  carried 
out  overnight  at  60°  C.  Ultrathin  sections  were 
cut  on  a  Porter-Blum  MT2  ultramicrotome, 
stained  with  uranyl  acetate  and  lead  citrate, 
and  examined  with  a  Hitachi  H-600  transmis- 
sion electron  microscope.  Some  pharynges  of 
larvae  were  fixed  in  Bouin's  fluid  and  embed- 
ded in  paraplast.  Transverse  (6  |xm)  sections 
were  cut  and  stained  with  Harris  hematoxylin/ 
eosin  and  examined  with  an  American  Optical 
light  microscope. 

RESULTS 

General  morphology  and  histological  ob- 
servations.— The  pharynx  in  a  D.  melanogas- 
ter larva  is  situated  between  the  buccal  cavity 
and  the  esophagus.  In  the  absence  of  a  crop, 
the  esophagus  communicates  directly  with  the 
spherical  proventriculus,  which  in  turn  opens 
into  the  midgut.  In  transverse  sections  cut  at 
the  level  of  the  anterior  spiracles,  the  epithe- 
lium of  the  pharynx  consists  of  a  single  layer 
of  flat  cells  with  prominent  nuclei.  Their  cell 
membranes  are  indistinguishable,  hence  the 
epithelium  appears  syncytial.  The  epithelium 
is  invested  by  the  visceral  and  dilator  muscles. 
It  is  lined  with  a  2.5  |jim  thick  dorsal  cuticular 
intima,  the  middle  portion  of  which  is  curved 
upwards  with  right  and  left  halves  connected 
by  an  elevated  bridge.  The  dorsal  cuticular  in- 


tima  becomes  continuous  with  a  much  thicker 
(5  (jliti)  lateral  intima.  In  the  pharyngeal  floor, 
the  cuticular  intima  is  folded  to  form  nine 
stout  bars  or  ribs  with  bifurcated  tips  which 
extend  dorsally  into  the  pharyngeal  lumen 
(Figs.  1,2). 

Transmission  electron  microscopic  ob- 
servations.— The  flat  epithelial  cells  measure 
about  1.5  (Jim  in  height  and  have  large  nuclei 
with  prominent  nucleoli  (Figs.  3,  4).  The  cy- 
toplasm contains  numerous  free  ribosomes, 
large  mitochondria,  many  vesicles  and  vacu- 
oles containing  electron-dense  material;  but 
the  rough  endoplasmic  reticulum  and  Golgi 
complexes  are  sparse  (Figs.  3-5,  7-9).  The 
delicate  lateral  membranes  of  the  epithelial 
cells  are  folded  (Fig.  9).  The  apical  plasma 
membrane  facing  the  cuticular  intima  is 
thrown  into  narrow  infoldings,  thereby  in- 
creasing the  surface  area  (Fig.  10). 

The  dark  cuticular  intima  of  the  dorsal  pha- 
ryngeal wall,  which  at  some  locations  is  sep- 
arated from  the  adjoining  epithelium,  mea- 
sures about  2  fjim  in  thickness  and  displays 
short,  stout  teeth  especially  in  the  middle  re- 
gion (Fig.  3).  It  consists  of  the  lamellate  en- 
docuticle  and  epicuticle  layers,  which  become 
more  discernible  in  the  lateral  regions  (Fig.  6). 
The  cuticular  intima  of  the  lateral  wall  mea- 
sures about  5  ixm  in  thickness  and  displays  at 
regular  intervals  small,  circular  empty  spaces 
(Fig.  5).  The  ventral  cuticular  intima  is  com- 
posed of  three  layers.  The  lamellate  endocu- 
ticle  is  the  outermost  layer  and  is  directly  ap- 
posed to  the  epithelium.  The  exocuticle,  the 
middle  layer,  consists  of  trabeculae  and  irreg- 
ular spaces.  The  thin  epicuticle  lines  the  lu- 
men of  the  pharynx  (Figs.  8,  9).  The  ventral 
intima  is  folded  to  form  vertically-oriented 
pharyngeal  ribs  that  are  about  30  fxm  long  and 
project  into  the  lumen  (Figs.  8,  11).  The  ribs 
are  bifurcated  at  the  tips  and  each  bifurcation 
is  further  divided  into  4-5  sharp  intertwining 
finger-like  processes  that  strikingly  resemble 
the  design  of  a  claw  hand  (Figs.  11,  12.  14). 
Bacteria-like  particles  appear  to  be  trapped  be- 
tween the  sharp  finger-like  processes  of  the 
ribs  (Fig.  1 1 ).  Whole  or  fragmented  bacteria- 
like  particles,  presumably  food,  are  observed 
in  the  lumen  of  the  pharynx  in  close  proximity 
to  the  tips  of  the  rib  processes.  Intact  food 
particles  are  not  seen  in  the  lumen  below  the 
tips  of  the  ribs  (Figs.  11-14). 
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Figures  l,  2. — Light  micrographs  of  the  pharynx.  I.  Transverse  paraplast  section  (6  fxm)  at  the  anterior 
spiracles  level,  stained  with  hematoxylin/eosin;  Scale  bar  =  25  (xm;  2.  Magnified  image  of  a  transverse  section 
of  pharynx  showing  torn  dorsal  cuticular  intima  (DI)  (arrows).  Abbreviations:  CI,  cuticular  intima;  DM,  dilator 
muscle;  EC,  epithelial  cells;  L,  lumen;  LI,  lateral  cuticular  intima;  N,  nucleus;  R,  ribs;  VM,  visceral  muscle; 
Scale  bar  =  10  |xm. 


DISCUSSION 

The  epithelial  cells  of  the  D.  melanogaster 
larval  pharynx  possess  ultrastructural  features 
that  are  characteristic  of  epithelia  which  spe- 
cialize in  protein  synthesis  (Palade  1975).  The 
presence  of  abundant  free  ribosomes  in  the  cy- 
toplasm suggests  their  role  in  the  synthesis  of 
proteins  that  are  segregated  in  the  rough  en- 
doplasmic reticulum  and  packaged  in  vesicles 
of  the  Golgi  complexes  for  export  from  the 
cells.  The  presence  of  apical  membrane  in- 
foldings  provides  increased  surface  area  for 
export  of  proteins  to  form  the  cuticular  intima 
of  the  pharynx. 

The  results  of  the  present  study  clearly  sup- 
port the  hypothesis  that  the  elaborate  cuticular 
pharyngeal  armature  of  the  D.  melanogaster 
larva,  secreted  by  the  epithelial  cells,  mechan- 
ically acts  on  food  material  to  break  it  down 
for  digestion  and  absorption  in  the  midgut. 
Baumberger  (19 17)  has  shown  that  the  larvae 
of  D.  melanogaster  principally  feed  on  yeast 


cells.  There  is  also  evidence  that  other  micro- 
organisms such  as  bacteria  provide  nutrition 
for  these  larvae  (Baumberger  1917;  Sturtevant 
1921).  The  spherical  yeasts  are  about  5  |jim  in 
diameter  and  bacteria  are  about  1-2  fxm  in 
diameter.  The  rigid  cell  wall  of  yeasts  is  com- 
posed of  cross-linked  polysaccharides  (cellu- 
lose and  chitosan),  proteins  and  glycoproteins 
(Walker  1998).  The  structural  features  of  the 
cuticular  parts  of  the  pharynx  of  D.  melano- 
gaster larvae  revealed  by  this  study  suggest 
that  the  food  particles  like  yeasts  and  bacteria 
become  entrapped  between  the  stout  teeth  of 
the  dorsal  cuticular  intima  and  the  sharp,  in- 
tertwined finger-like  processes  at  the  tips  of 
the  vertically  oriented  pharyngeal  ribs.  The 
rigid  cell  walls  of  yeasts  and  bacteria  are  then 
torn  apart  by  the  sharp  processes  of  the  ribs, 
thereby  releasing  their  proteinaceous  cellular 
contents  into  the  lumen  of  the  pharynx. 

The  cuticular  armature  of  the  foregut  and 
its  role  in  breakdown  of  food  material  and  de- 
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Figures  3,  4. — Transmission  electron  micrographs  of  the  pharynx.  3.  Transverse  section  of  the  dorsal  wall 
showing  epithelial  cells  (EC)  with  large  nuclei  (N)  lined  by  thick  dorsal  cuticular  intima  (DI)  displaying  teeth 
(T),  DM,  dilator  muscle;  L,  lumen;  NU,  nucleolus;  Scale  bar  =  2  fxm;  4.  Portion  of  the  pharyngeal  wall  lateral 
to  that  seen  in  Figure  3.  Epithelial  cells  (EC)  appear  separated  from  the  smooth  dorsal  cuticular  intima  (DI). 
Abbreviations:  L,  lumen;  M,  mitochondrion,  N,  Nucleus;  NU,  nucleolus.  V.  vesicle;  Scale  bar  =   1  |j.m. 
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Figures  5-7. — 5.  Junction  of  dorsal  and  lateral  walls.  Note  the  difference  in  thickness  of  dorsal  cuticular  intima 
(Dl)  and  lateral  intima  (LI)  that  has  small  empty  spaces  (arrows).  EC,  epithelial  cells;  L,  lumen;  N,  nucleus;  NU, 
nucleolus;  V,  vesicle;  VM,  visceral  muscle;  Scale  bar  =  0.25  |xm;  6.  Dorsal  cuticular  intima  showing  endocuticle 
(END)  and  epicuticle  (EPI)  layers;  Scale  bar  =  0.5  fxm;  7.  Nuclear  region  of  an  epithelial  cell  showing  a  portion 
of  the  nucleus  (N),  free  ribosomes  (R)  and  large  mitochondria  (M);  Scale  bar  =  0.25  |xm. 
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Figures  8—1 0. — Electron  micrographs  of  the  ventral  wall  of  the  pharynx.  8.  Transverse  section  showing  ventral 
cuticular  intima  (VI)  displaying  endocuticle  (END),  exocuticle  (EXO)  and  epicuticle  (EPI),  ribs  (R)  and  epithelial 
cells  (EC).  L,  lumen;  V,  vesicles;  VA,  vacuoles;  Scale  bar  =  2  fim;  9.  Magnified  view  of  an  epithelial  cell 
displaying  delicate  lateral  membranes  (LM),  vesicles  (V)  and  vacuoles  (VA)  containing  electron  dense  material. 
END,  endocuticle;  EXO,  exocuticle;  VM,  visceral  muscle;  Scale  bar  =  0.25  |xm;  10.  A  portion  of  epithelial  cell 
showing  apical  membrane  infoldings  (AF),  ribosomes  (R),  rough  endoplasmic  reticulum  (RER).  vesicle  (V)  and 
vacuole  (VA)  containing  electron-dense  material.  BL,  basal  lamina;  Scale  bar  =  0.5  |xm. 
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Figure  1 1. — Transverse  section  of  the  ventral  cuticular  intima  showing  ribs  (R)  with  bifurcated  tips  ending  in 
sharp  finger-like  process  (P).  Note  a  bacterium-like  food  particle  trapped  by  the  processes  (arrow).  Abbreviations: 
F,  food  particles;  END,  endocuticle;  EPI,  epicuticle;  EXO,  exocuticle;  L,  lumen.  Scale  bar  =  3  |xm. 


struction  of  parasites  has  been  described  in 
different  insects.  Parsons  (1972)  demonstrated 
the  presence  of  nodes  and  bifurcating  longi- 
tudinal ridges  in  the  cibarial  food  pump  of  No- 
tonecta  (Heteroptera)  which  act  as  triturating 
devices  grinding  and  filtering  particulate  mat- 


ter in  the  food.  The  cibarial  and  pharyngeal 
armatures  have  been  reported  in  blood-suck- 
ing mosquitoes.  Caluzzi  et  al.  (1982)  have 
shown  that  in  seven  species  of  the  Anopheles 
mosquito  the  spines  present  in  the  posterior 
end  of  the  cibarial  and  pharyngeal  armature 
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Figures  12-14. — Electron  micrographs  of  the  pharyngeal  ribs  and  food  particles.  12.  Detail  of  the  bifurcated 
tips  of  the  ribs  (R)  ending  in  sharp  finger  like  processes  (P).  Note  a  fragment  and  empty-looking  food  particle 
(arrow)  near  the  ends  of  the  processes.  F,  food  particle;  L,  lumen;  Scale  bar  =  2  |xm;  13.  Bacteria-like  food 
particles  (F),  one  empty-looking  with  a  break  in  its  cell  wall  (arrow);  Scale  bar  =  1  |xm;  14.  Magnified  view 
of  the  processes  (P)  of  the  tips  of  ribs  almost  touching  each  other.  F,  food  particle;  Scale  bar  =  1  |xm. 
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are  mechanically  capable  of  the  hemolysis  of 
ingested  red  blood  cells.  In  addition,  microfi- 
laria parasites  have  been  reported  to  be  killed 
by  the  mechanical  action  of  the  cibarial  and 
pharyngeal  armature  and  other  spines,  teeth 
and  papillae  in  the  foregut  of  Culex,  Anoph- 
eles and  Aedes  mosquitoes  (McGreevy  1978; 
Lehane  1998). 

The  proventriculus,  which  is  the  terminal 
part  of  the  foregut,  is  variously  modified  in 
different  insects.  In  insects  which  feed  on  sol- 
id food,  the  inner  wall  of  the  proventriculus 
becomes  armed  with  strong  cuticular  plates  or 
teeth  which  grind  the  food  (Snodgrass  1935). 
Since  the  proventriculus  in  the  larvae  of  mos- 
quitoes and  Drosophila  secretes  the  peritroph- 
ic  membrane  (Wigglesworth  1931;  Rizki 
1956),  it  is  suggested  that  in  these  insects  its 
usual  role  in  breakdown  of  food  material  has 
been  relegated  to  the  elaborate  pharyngeal  ar- 
mature. 

The  arrangement  of  cuticular  layers  in  the 
pharyngeal  ribs  with  lamellate  endocuticle 
forming  the  base  and  exocuticle  with  trabec- 
ulae  and  spaces  forming  the  core  and  covered 
by  the  thin  epicuticle  lining  the  luminal  sur- 
face, appear  to  resemble  the  design  of  bone 
structure  of  vertebrates  and  may  provide  me- 
chanical support  to  them.  The  lateral  cuticular 
intima,  which  is  much  thicker  than  the  dorsal 
intima  and  devoid  of  teeth,  apparently  pro- 
vides support  for  the  lateral  walls  of  the  phar- 
ynx. 

The  pharyngeal  cuticular  intima  is  devoid 
of  depressions,  pores  or  canals  suggesting  that 
absorption  of  food  does  not  take  place  in  the 
pharynx  and  that  the  released  cellular  contents 
of  yeasts  and  bacteria  are  transported  to  the 
midgut  for  digestion  and  absorption.  This 
view  is  supported  by  the  finding  that  the  cu- 
ticular intima  of  the  foregut  in  locust  and 
cockroaches  has  very  low  permeability  to  sub- 
stances like  amino  acids,  atropine,  glucose 
and  sucrose  (Maddrell  &  Gardiner  1980). 

In  conclusion,  the  ultrastructural  features  of 
the  pharyngeal  armature  of  the  larval  D.  me- 
lanogaster  revealed  by  this  study  suggest  that 
it  is  engaged  in  the  breakdown  of  rigid  cell 
walls  of  yeasts  and  bacteria  in  the  food. 
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CHECKLIST  OF  THE  CRAYFISH  AND  FRESHWATER  SHRIMP 

(DECAPODA)  OF  INDIANA 

Thomas  P.  Simon:      U.S.  Fish  and  Wildlife  Service,  620  South  Walker  Street, 
Bloomington,  Indiana  47401 

ABSTRACT.  Crayfish  and  freshwater  shrimp  are  members  of  the  order  Decapoda.  All  crayfish  in  In- 
diana are  members  of  the  family  Cambaridae,  while  the  freshwater  shrimp  belong  to  Palaemonidae.  Two 
genera  of  freshwater  shrimps,  each  represented  by  a  single  species,  occur  in  Indiana.  Palaemonetes  ka- 
diakensis  and  Macrobrachium  ohione  are  lowland  forms.  Macrobrachium  ohione  occurs  in  the  Ohio  River 
drainage,  while  P.  kadiakensis  occurs  statewide  in  wetlands  and  lowland  areas  including  inland  lakes. 
Currently,  21  crayfish  taxa,  including  an  undescribed  form  of  Cambarus  diogenes,  are  found  in  Indiana. 
Another  two  species  are  considered  hypothetical  in  occurrence.  Conservation  status  is  recommended  for 
the  Ohio  shrimp  Macrobrachium  ohione,  Indiana  crayfish  Orconectes  indianensis,  and  both  forms  of  the 
cave  crayfish  Orconectes  biennis  inennis  and  O.  i.  testii. 

Keywords:     Cambaridae,  Palaemonidae,  conservation,  ecology 


The  crayfish  and  freshwater  shrimp  belong- 
ing to  the  order  Decapoda  are  among  the  larg- 
est of  Indiana's  aquatic  invertebrates.  Crayfish 
possess  five  pair  of  periopods,  the  first  is  mod- 
ified into  a  large  chela  and  dactyl  (Pennak 
1978;  Hobbs  1989).  The  North  American 
crayfish  belong  to  two  families,  Astacidae  and 
Cambaridae  with  all  members  east  of  the  Mis- 
sissippi River  belong  to  the  family  Cambari- 
dae (Hobbs  1974a).  The  freshwater  shrimps 
are  represented  by  two  genera  in  a  single  fam- 
ily, Palaemonidae. 

The  species  of  Cambaridae  in  North  Amer- 
ica represent  a  large  family  of  over  300  de- 
scribed and  numerous  undescribed  species  in 
two  subfamilies  (Hobbs  1989).  The  family 
also  occurs  in  Japan,  Korea,  and  the  Amur 
basin  of  eastern  Asia  (Hobbs  1974).  The  Cam- 
barellinae  include  only  the  genus  Cambarel- 
lus,  while  the  Cambarinae  include  ten  genera 
(Hobbs  1974,  1977;  Hobbs  &  Carlson  1983). 
The  Palaemonidae  is  represented  in  North 
America  by  68  described  species  in  16  genera 
(Williams  et  al.  1989).  The  family  is  world- 
wide in  distribution. 

The  purpose  of  this  paper  is  to  list  the  spe- 
cies of  crayfish  and  freshwater  shrimp  known 
to  occur  in  Indiana  and  describe  the  range, 
relative  abundance,  and  recommended  conser- 
vation status. 

METHODS 
Distribution  and  range. — This  present 
survey  of  Indiana  freshwater  shrimp  and  cray- 


fish is  based  on  collections  between  1990  and 
2000.  Collections  were  made  at  over  3000  lo- 
calities statewide,  made  in  every  county  of  the 
state,  but  most  heavily  concentrated  in  south- 
ern Indiana,  where  the  greatest  diversity  of 
species  occurs. 

The  current  list  of  species  is  intended  to 
provide  a  record  of  the  extant  and  those  ex- 
tirpated from  the  fauna  of  Indiana  over  the  last 
two  centuries  (Table  1 ).  This  list  includes  new 
information  and  taxonomic  changes.  This  ef- 
fort is  the  first  step  of  the  Indiana  Biological 
Survey  to  compile  a  listing  of  all  known  spe- 
cies of  biota  in  Indiana.  The  taxonomic  and 
nomenclature  sources  include  Hobbs  (1989), 
Williams  et  al.  (1989),  Page  (1985),  Jezerinac 
et  al.  (1995)  and  Pflieger  (1996).  Many  cray- 
fish species  do  not  possess  common  names. 
Species  without  accepted  common  names  fol- 
lowing Williams  et  al.  (1989)  are  highlighted 
in  brackets  to  signify  those  proposed  in  this 
study.  These  names  were  based  on  those  from 
adjacent  state  lists  in  Missouri  (Pflieger  1996) 
and  Ohio  (Thoma  &  Jezerinac  2000a).  Sub- 
genera are  indicated  for  all  crayfish  species. 
Crandall  &  Fitzpatrick  (1996)  and  Fetzner 
(1993)  have  completed  recent  molecular  stud- 
ies on  the  phylogeny  of  Orconectes  subgen- 
era, which  suggests  that  these  relationships 
may  be  doubtful.  Use  of  the  Orconectes  phy- 
logeny relationships  presented  in  this  paper 
follows  Fitzpatrick  (1987). 
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Historical  collections  of  Indiana  crayfish 
and  freshwater  shrimps  curated  at  the  Ohio 
State  University  Museum  (OSM),  Illinois  Nat- 
ural History  Survey  (INHS),  National  Muse- 
um of  Natural  History  (NMNH),  and  Univer- 
sity of  Michigan  Museum  of  Zoology 
(UMMZ)  were  compiled.  Historical  and  re- 
cent records  were  compiled  to  formulate  the 
current  distribution  of  Indiana  crayfish. 

The  following  codes  were  established  to  fa- 
cilitate documentation  of  species  in  the  State 
(Table  1).  The  general  range  in  Indiana  is  in- 
dicated as  statewide  (I),  north  (N),  south  (S), 
west  (W),  east  (E),  and  various  combinations 
of  these  regions.  Relative  abundance  refers  to 
the  general  population  levels  of  the  species 
within  the  State.  These  are  based  on  the  abun- 
dance and  number  of  localities  where  the  spe- 
cies has  been  found.  Depending  on  local  and 
seasonal  conditions,  population  levels  will 
vary.  Relative  abundance  is  listed  as  four  cat- 
egories: abundant  (A)  designations  are  species 
that  are  easily  found  at  a  site  in  a  particular 
region,  common  (C)  are  species  that  are  reg- 
ularly found  at  a  site  (generally  greater  than 
25  individuals)  in  an  area  but  perhaps  not  at 
all  locations,  occasional  (O)  designations  are 
for  species  that  are  found  at  either  fewer  than 
five  locations  or  represent  less  than  five  spec- 
imens at  a  site,  and  rare  (R)  designations  are 
for  species  that  occur  at  less  than  five  loca- 
tions or  are  represented  by  a  single  individual 
at  a  site.  Extirpated  species  (Ex)  are  listed 
along  with  the  estimated  date  of  disappear- 
ance. The  State  of  Indiana  does  not  have  a 
formal  conservation  listing  for  crayfish  or 
freshwater  shrimp.  The  recommended  conser- 
vation status  has  no  formal  or  legal  impetus; 
instead  it  refers  to  information  based  on  our 
data.  Federally  endangered  species  are  denot- 
ed as  federally  endangered  (FE),  federally 
threatened  (FT),  and  federal  candidates  for 
Federal  listing  as  FC;  however,  the  candidate 
listing  has  no  formal  status.  State  endangered 
species  will  be  represented  by  three  codes:  en- 
dangered (StE),  threatened  (StT),  and  special 
concern  in  need  of  further  study  (SC).  An  ad- 
ditional designation,  exotic  (X)  is  included  for 
accidentally  or  deliberately  released  species. 

Collection  methodology. — Open  water 
crayfish  and  freshwater  shrimp  were  sampled 
by  seining,  dipnetting,  or  electrofishing  all 
representative  habitats  at  a  locality.  Electro- 
fishing  included  the  use  of  a  pulsed  DC  1850- 


watt  T  &  J  generator  capable  of  300  V  output 
and  usually  6—8  amps.  All  specimens  ob- 
served were  captured  and  a  portion  was  re- 
tained for  later  identification  in  the  laboratory. 
Sites  were  sampled  so  that  a  minimum  dis- 
tance of  15  times  the  stream  width  was  sam- 
pled. Each  surveyed  site  consisted  of  a  mini- 
mum distance  of  50  m  and  a  maximum 
distance  of  500  m  in  streams  and  rivers.  Lake 
and  great  river  habitats  were  surveyed  for  500 
m  of  littoral  shoreline  habitat.  All  available 
habitats  were  sampled  at  each  location  includ- 
ing riffle,  run,  pool,  various  instream  cover 
types  (e.g.,  woody  debris,  slab  bedrock  crev- 
ices, boulders,  aquatic  macrophytes),  and  be- 
neath undercut  banks.  All  specimens  were 
placed  into  a  live  well  and  retained  until  the 
end  of  the  collection  zone. 

Burrowing  species  of  crayfish  were  more 
difficult  to  obtain.  Two  collection  procedures 
were  attempted.  For  prairie  crayfish  that  re- 
mained in  burrows,  a  modified  toilet  plunger 
was  used  to  force  the  crayfish  from  the  bur- 
row. An  aliquot  of  water  was  poured  into  the 
burrow  until  full,  then  suction  was  established 
at  the  entrance  so  that  a  good  seal  was  estab- 
lished. Plunging  the  burrow  caused  the  exit 
holes  to  become  noticeable,  and  after  several 
attempts  the  exits  were  examined  to  determine 
if  crayfish  were  present.  Attempts  to  excavate 
the  burrow  by  digging  was  foolishly  attempt- 
ed next;  however,  if  this  failed  the  identity  of 
the  crayfish  was  based  on  the  external  mor- 
phology of  the  burrow.  Large  multiple  cham- 
bered chimney-type  burrows  was  assumed  to 
be  Cambarus  diogenes,  while  piled  burrows 
were  assumed  to  be  Procambarus  gracilis. 
Single  chambered  chimney-type  burrows  were 
considered  Fallicambarus  fodiens.  More  than 
likely  I  underestimated  the  distribution  of 
prairie  species  since  many  of  our  collections 
were  not  completed  during  times  when  they 
would  have  been  more  vulnerable  to  our  col- 
lection methods  (December-May). 

RESULTS  AND  DISCUSSION 

Crayfish    systematies. — The    cambarid 

crayfish  differ  from  the  Astacidae  of  western 
North  America  and  Europe  by  the  presence  of 
hooks  on  the  ischia  of  the  second  through 
fourth  pereiopods  and  dimorphic  cycling  in 
males  (Hobbs  1974).  Astacids  do  not  exhibit 
cyclic  dimorphism  nor  ischial  hooks.  Cam- 
barid crayfish  have  a  variety  of  ornate  termi- 
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nal  elements  on  the  gonopod,  while  astacid 
crayfish  have  simple  cylindrical  distal  ele- 
ments. The  cambarid  females  have  an  annulus 
ventralis  that  is  lacking  in  astacid  females. 
During  the  reproductive  season,  males  devel- 
op one  or  more  terminal  elements  on  the  gon- 
opods  (first  pleopods)  that  are  corneous.  These 
males  are  referred  to  as  form  I. 

Historical  studies  of  Indiana  crayfish  and 
freshwater  shrimp. — Most  historical  infor- 
mation published  on  Indiana  crayfish  and 
freshwater  shrimp  can  be  found  in  Cope 
(1872),  Packard  (1873),  Bundy  (1877),  Hay 
(1891,  1893,  1896),  Williamson  (1907),  Ev- 
ermann  &  Clark  (1920),  Eberly  (1955),  Hobbs 
(1989),  Page  (1994),  and  Page  &  Mottesi 
(1995).  Cope  (1872)  published  on  the  cave 
fauna  of  Wyandotte  Cave,  while  Packard 
(1873)  published  on  cave  crayfish  throughout 
the  State.  Bundy  (1877)  was  the  first  to  pub- 
lish on  crayfish  distributions  outside  of  caves 
in  Indiana,  focusing  on  species  in  northern  In- 
diana. Hay  (1891)  published  on  the  crusta- 
ceans of  Indiana,  including  information  on 
freshwater  shrimp,  and  followed  with  a  paper 
on  the  observations  of  blind  cave  crayfish  in- 
cluding the  description  of  Cambarus  inermis 
testii  (Hay  1896).  Hay  (1896)  first  published 
an  annotated  species  list  that  included  infor- 
mation on  the  taxonomy  of  crayfish  species 
occurring  in  Indiana.  Williamson  (1907)  pub- 
lished information  on  the  crayfish  of  Wells 
County  and  described  a  new  species  (Cam- 
barus ortmanni).  Evermann  &  Clark  (1920) 
listed  the  species  occurring  in  Lake  Maxink- 
uckee.  Eberly  (1955)  summarized  distribu- 
tions of  five  species  and  included  new  distri- 
bution records.  Page  (1994)  conducted  a  study 
to  determine  the  conservation  status  of  Or- 
conectes  indianensis  that  included  a  listing  of 
the  species  of  crayfish  found  in  Indiana  (Page 
&  Mottesi  1995);  and  he  indicated  that  17  spe- 
cies and  an  additional  undescribed  species  are 
known  to  occur  in  Indiana. 

Life  history  and  distribution  information  for 
Indiana  crayfish  include  C.  diogenes  (Grow 
1981),  C  fodiens  (Bovbjerg  1952),  C.  tene- 
brosus  (Prins  1968),  O.  immunis  (Tack  1941), 
O.  propinquus  (Van  Deventer  1937;  Bovbjerg 
1952),  O.  rusticus  (Langlois  1935;  Busch 
1940;  Prins  1968),  O.  sloani  (Rhoades  1962; 
Jezerinac  1986;  St.  John  1988)  and  O.  virilis 
(Bovbjerg  1953,  1970;  Hazlett  et  al.  1974; 
Threinen    1958;  Caldwell  &  Bovbjerg    1969; 


Momot  1967,  1978;  Aiken  1969;  Weagle  & 
Ozburn  1972;  Momot  &  Gowing  1977). 

Life  history  strategies  of  Indiana  cray- 
fish.— The  life  history  strategies  occurring 
among  Indiana  crayfish  include  cave-dwell- 
ing, non-burrowing  and  burrowing  species. 
Cave-dwelling  species  are  adapted  for  spend- 
ing their  entire  existence  in  caves.  Non-bur- 
rowing crayfish  carry  out  their  entire  life  his- 
tory in  surface  waters.  Burrowing  species 
spend  variable  amounts  of  time  in  surface  wa- 
ters and  periodically  leave  their  burrows  to 
mate  (Simon  et  al.  2000).  Adults  of  these  spe- 
cies remain  above  ground  only  during  periods 
of  late  winter  to  spring  flooding  (January- 
May).  Sexually  mature  P.  gracilis  leave  their 
burrows  on  warm  rainy  nights  but  are  other- 
wise seldom  found  out  of  their  burrows.  Adult 
C.  diogenes  leave  their  burrows  on  the  edge 
of  stream  banks  more  often  than  the  other  bur- 
rowing species  and  may  forage  as  well  as 
mate.  Roaming  occurs  most  frequently  during 
the  mating  season  and  when  females  are  car- 
rying eggs  or  young. 

Distribution  and  conservation  status. — 
The  State  of  Indiana  possesses  21  crayfish 
taxa  representing  19  species  and  possibily  an- 
other two  undescribed  species  (R.  Thoma, 
pers.  commun.).  Page  &  Mottesi  (1995)  indi- 
cated that  18  crayfish  species  occurred  in  In- 
diana; however,  their  list  did  not  include  the 
recently-elevated  O.  juvenilis  nor  Cambarus 
robustus.  Hobbs  (1989)  tentatively  listed  O. 
putnami  from  Indiana.  Page  &  Mottesi  (1995) 
found  O.  putnami  to  be  widespread  in  south- 
eastern portions  of  the  State  as  did  I.  Taylor 
(1997)  synonymized  C  laevis,  C.  ornatus,  and 
C  tenebrosus  east  of  the  Mississippi  River  as 
C  tenebrosus  based  on  meristic  and  morpho- 
metric  characters.  This  present  paper  still 
maintains  the  separate  listing  of  the  species 
for  Indiana  while  further  work  is  being  con- 
ducted to  support  this  revision. 

An  additional  two  species  are  considered 
hypothetical  for  their  occurrence  in  the  State. 
The  possibility  that  C  thomai  exists  in  south- 
eastern Indiana  is  based  on  the  species  distri- 
bution in  southwestern  Ohio  (Jezerinac  1993; 
Thoma  &  Jezerinac  2000b).  Finally,  O.  stan- 
nardi  occurs  as  an  endemic  of  the  Little  Wa- 
bash River  in  Illinois.  The  possibility  of  the 
species  occurring  in  direct  tributaries  to  the 
Wabash  River  near  the  Little  Wabash  River 
needs  further  survey. 
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Table  1. — Checklist  of  the  crayfish  and  freshwater  shrimp  (Decapoda)  of  Indiana  following  Hobbs 
(1974)  including  distribution,  relative  abundance,  and  recommended  conservation  status.  Common  names 
follow  Williams  et  al.  (1988),  with  the  exception  of  names  in  brackets,  which  are  suggested  additions 
based  on  Pflieger  (1996)  and  Thoma  &  Jerezinac  (2000a).  Subgenera  of  Orconectes  follow  Fitzpatrick 
(1987).  Statewide  (I),  north  (N),  south  (S),  west  (W),  east  (E),  and  various  combinations  of  these  regions. 
Relative  abundance:  R  =  rare;  C  =  common;  O  =  occasional.  Conservation  status:  StE  =  state  endan- 
gered; FC  =  candidate  for  federal  listing;  SC  =  candidate  for  special  concern;  NI*  =  nonindigenous.  and 
introduction  has  occurred  in  a  portion  of  the  species  range  in  Indiana. 


Taxa 


Range 


Recommended 
Relative  conservation 

abundance  status 


Order  Decapoda 

Family  Palaemonidae  (freshwater  shrimp) 
Macrobrachium  ohione  (Smith),  Ohio  shrimp 
Palaemonetes  kadiakensis  Rathbun,  Mississippi  grass  shrimp 
Family  Cambaridae  (crayfish) 
Genus  Procambarus 
Subgenus  Girardiella 

P.  gracilis  (Bundy),  prairie  crayfish 
Subgenus  Ortmannicus 

P.  acutus  (Girard),  White  River  crayfish 
Subgenus  Scapulicambarus 

P.  clarkii  (Girard),  red  swamp  crayfish 
Genus  Orconectes 
Subgenus  Crockerinus 

O.  propinquus  (Girard),  northern  clearwater  crayfish 
Subgenus  Faxonius 

O.  indianensis  (Hay),  [Indiana  crayfish] 
Subgenus  Gremicambarus 

O.  immunis  (Hagen)  [papershell  crayfish] 

O.  virilis  (Hagen),  northern  crayfish 
Subgenus  Orconectes 

O.  inermis  inermis  Cope  [Indiana  cave  crayfish] 

O.  inermis  testii  Cope  [Hoosier  cave  crayfish] 
Subgenus  Procericambarus 

O.  putnami  (Faxon)  [Putnam's  crayfish] 

O.  juvenilis  (Faxon)  [miniature  crayfish] 

O.  rusticus  (Girard),  rusty  crayfish 
Subgenus  Rhoadesius 

O.  sloanii  (Bundy)  [Sloan's  crayfish] 
Genus  Fallicambarus 
Subgenus  Creaserinus 

F.  fodiens  (Cottle)  [digger  crayfish] 
Genus  Cambarus 
Subgenus  Cambarus 

C.  bartoni  cavatus  (Fabricius)  [Ohio  crawfish] 

C.  ortmanni  Williamson  [Ortmann's  mudbug] 
Subgenus  Erebicambarus 

C.  laevis  Faxon  [karst  crayfish] 

C.  tenebrosus  Hay  [cavespring  crayfish] 
Subgenus  Lacunicambarus 

C.  diogenes  Girard,  devil  crayfish 
Subgenus  Tubericambarus 

C.  cf  diogenes  new  species  [Painted  hand  mudbug] 
Subgenus  Puncticambarus 

C.  robitstus  Girard  [bigwater  crayfish] 
Hypothetical  in  occurrence  in  Indiana 
Subgenus  Tubericambarus 

Cambarus  thomai  (Jezerinac)  [little  brown  mudbug] 
Subgenus  Crockerinus 

O.  stannardi  Page  [Little  Wabash  River  crayfish] 


SE 


R 
C 


w 

o 

I 

() 

NW,  SW 

R 

1 

C 

SW 

R 

1 

C 

1 

C 

s 

R 

s 

R 

SE 

() 

SE 

R 

I 

C 

R 


() 


SE 

R 

N 

R 

S 

C 

s 

c 

1 

R 

s 

R 

NE 

O 

SE 

SW 

StE 


NI: 


FC,  SC 


StE 
StE 


NI* 


108 


PROCEEDINGS  OF  THE  INDIANA  ACADEMY  OF  SCIENCE 


The  rusty  crayfish  O.  rusticus  and  red 
swamp  crayfish  Procambarus  clarki  have 
been  found  in  the  Lake  Michigan  drainage 
(Simon,  unpubl.  data).  The  rusty  crayfish  is  a 
native  species  of  southeastern  Indiana  that  has 
been  widely  distributed  through  bait  bucket 
release  by  anglers.  The  species  is  native  to  the 
Whitewater  River  drainage  and  should  be  con- 
sidered non-indigenous  outside  of  that  water- 
shed. The  red  swamp  crayfish  was  collected 
during  2000  from  Lake  Michigan.  Page  & 
Mottesi  (1995)  indicated  that  this  species  was 
among  the  rarest  crayfish  of  Indiana.  The  red 
coloration  of  the  species  and  the  recent  mar- 
keting of  them  as  freshwater  lobster  in  the 
aquarium  trade  perhaps  have  aided  in  the 
spread  of  the  species  into  the  West  Branch  of 
the  Grand  Calumet  River. 

Although  the  State  of  Indiana  does  not  rec- 
ognize any  conservation  status  for  crusta- 
ceans, I  recommend  that  three  rare  species  be 
designated  as  either  State  Endangered  or  State 
Special  Concern.  Page  (1994)  surveyed  for 
the  Indiana  crayfish  O.  indianensis  (Hay),  a 
Federal  candidate  species,  over  the  historic 
range  of  the  species  in  Illinois  and  Indiana. 
The  species  was  collected  from  the  Patoka 
River  and  at  additional  locations  in  several 
watersheds  in  southwestern  Indiana.  The  wa- 
tersheds where  this  species  occurs  are  prone 
to  severe  land  use  disturbance  from  oil  and 
gas  explorations,  acid  mine  drainage  and  coal 
mining.  The  species  has  been  severely  re- 
duced in  its  former  range  in  Illinois,  but  Page 
did  not  recommend  the  species  for  listing 
since  it  occurred  at  many  of  the  historic  sites 
where  it  had  been  collected  in  Indiana.  Due  to 
the  species  primary  distribution  in  areas  se- 
verely impaired  by  anthropogenic  disturbance 
in  the  Patoka  and  Pigeon  River  drainage  and 
southwestern  Indiana,  it  is  recommended  that 
the  species  be  considered  "State  Special  Con- 
cern" until  it  can  be  determined  whether  the 
species  range  is  being  threatened. 

Orconectes  biennis  inermis  and  O.  biennis 
testii  are  cave-dwelling  crayfish  found  in 
southern  Indiana.  The  two  taxa  are  rare  with 
O.  inermis  testii  being  restricted  to  Monroe 
County,  while  O.  inermis  inermis  being  broad- 
er ranging.  The  two  taxa  are  seldom  consid- 
ered abundant.  It  is  recommend  that  both 
forms  be  considered  "State  Endangered"  be- 
cause of  the  fragile  nature  of  karst  ecosystems. 

The  Ohio  shrimp  (M.  ohione)  has  been  se- 


verely reduced  over  the  species'  former  range. 
The  species,  reaching  100  mm  carapace  length 
(CL),  once  occurred  throughout  the  Ohio  Riv- 
er and  lowland  tributaries.  During  our  study 
we  did  not  collect  a  single  specimen  and  con- 
sider the  species  so  rare  as  to  warrant  "State 
Endangered"  status.  It  may  already  be  extir- 
pated from  Indiana's  portion  of  the  Ohio  Riv- 
er. However,  Hobbs  &  Massmann  (1952)  sug- 
gested that  the  species  occurs  in  deeper 
waters,  which  requires  trapping  to  collect.  The 
species  rarity  may  only  be  a  reflection  of  the 
collection  methods  attempted  or  could  be  ex- 
tirpated as  a  result  of  the  navigation  lock  and 
dam  system  on  the  Ohio  River  prevented  mi- 
gration. 
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ABSTRACT.  No  specimen  of  the  genus  Amphiuma  has  been  recorded  in  Indiana  since  1880,  although 
habitat  potentially  suitable  to  species  of  this  genus  is  present  along  riparian  corridors  in  southern  sections 
of  the  state.  We  recovered  a  dead  three-toed  amphiuma  (Amphiuma  tridactylum  Cuvier)  in  a  slough 
adjacent  to  Pigeon  Creek,  Warrick  County,  Indiana,  on  18  May  2000.  Based  on  snout-to- vent  length  (21 
cm),  the  specimen  was  likely  immature.  A  portion  of  the  tail  appeared  to  have  been  bitten  off  and  total 
body  length  could  not  be  measured.  A  single  gill  slit  was  present  on  each  side  of  the  body.  The  number 
of  toes  varied  from  three  to  two,  with  the  rear  limbs  damaged  and  toes  likely  removed.  This  observation 
represents  a  possible  range  extension  for  A.  tridactylum  ca.  200  km  to  the  northeast  of  the  known  distri- 
bution. Due  to  the  reclusive  nature  of  this  species,  we  suggest  that  it  may  easily  go  undetected  and  that 
more  intensive  survey  efforts  might  identify  other  locations  where  this  species  is  present  in  the  state. 
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The  three-toed  amphiuma  (Amphiuma  tri- 
dactylum Cuvier)  is  a  relatively  large  sala- 
mander with  four  small  limbs  each  possessing 
three  toes  (Petranka  1998)  that  is  closely  re- 
lated to  the  two-toed  amphiuma  (A  means 
Garden)  based  on  electrophoretic  analyses  of 
proteins  (Karlin  &  Means  1994).  The  species 
inhabits  sloughs,  swamps,  drainage  ditches, 
slow  moving  streams  and  shallow  ponds 
(Baker  1945;  Cagle  1948;  Chaney  1951).  His- 
torical records  indicate  that  an  amphiuma  was 
recorded  in  Indiana  sometime  between  1879 
and  1880,  but  was  described  as  A.  means  (Hay 
1892).  Minton  (1972)  suggested  that  the  ob- 
servation was  likely  of  an  A.  tridactylum,  but 
questioned  the  location  of  the  observation 
based  on  existing  habitats  in  the  general  vi- 
cinity where  the  specimen  was  recorded.  Re- 
gardless, A.  tridactylum  is  no  longer  believed 
to  occur  in  Indiana  (Minton  1972),  and  the 
species  is  not  listed  as  part  of  the  rare  fauna 
of  Indiana  (Anonymous  1970).  Published  dis- 
tributional ranges  of  A.  tridactylum  show  the 
species  to  occur  throughout  the  lower  Missis- 
sippi River  valley,  with  the  distribution  reach- 


ing as  far  north  as  southeastern  Missouri  and 
southwestern  Kentucky  (Conant  &  Collins 
1998;  Petranka  1998).  In  this  paper  we  report 
an  observation  of  a  three-toed  amphiuma  in 
southwestern  Indiana. 

RESULTS 

While  conducting  biological  surveys  on  18 
May  2000  along  Pigeon  Creek,  Warrick  Coun- 
ty, Indiana,  one  of  the  authors  (MJL)  recov- 
ered a  dead  A.  tridactylum  lying  on  a  downed 
tree  in  a  slough  dominated  by  buttonbush  (Cc- 
phalanthus  occidentalis  L.)  and  a  variety  of 
aquatic  emergents,  including  lizard's  tail  (Sau- 
rurus  cernuus  L.)  and  swamp  dock  (Rumex 
verticillatus  L.).  The  specimen  was  situated 
on  a  downed  tree  that  was  ca.  25  cm  in  di- 
ameter, with  a  third  of  the  stem  lengthwise 
exposed  to  full  sunlight  above  water.  The 
specimen  was  21  cm  in  snout-to-vent  length 
and  partially  decomposed,  with  the  tail  from 
the  vent  posteriorly  bitten  off  or  otherwise  re- 
moved. The  specimen  was  black  on  the  dorsal 
surface  and  gray  beneath,  with  numerous  cuts 
or  bite  marks  across  the  costal  grooves.  The 
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number  of  toes  ranged  from  three  to  two,  but 
the  rear  limbs  were  damaged  and  toes  likely 
removed.  A  single  gill  slit  was  present  on  each 
side  of  the  body. 

Our  observations  suggest  that  this  salaman- 
der was  attacked  and  killed  by  a  predator. 
Known  predators  of  A.  tridactylum  include  the 
cottonmouth,  Agkistrodon  piscivorus  Lace- 
pede  (Liner  1954),  and  the  mud  snake,  Far- 
ancia  abacura  Holbrook  (Ernst  &  Barbour 
1989);  however,  neither  of  these  two  predators 
have  been  observed  in  this  locality  despite 
nine  years  of  survey  (J.  Hummer  unpubl. 
data).  The  salamander  was  recorded  within  50 
m  of  a  great  blue  heron  (Ardea  herodias  L.) 
rookery,  and  snapping  turtles  (Chelydra  ser- 
pentina L.)  are  common  in  the  sloughs  along 
Pigeon  Creek  (J.  Hummer  unpubl.  data).  Re- 
gardless, the  specific  predator  of  this  salaman- 
der remains  unclear.  Petranka  (1998)  indicated 
that  the  tail  represents  20-25%  of  the  total 
length  of  the  body  in  A.  tridactylum.  Given 
these  estimates,  the  length  of  the  recorded 
specimen  when  alive  was  likely  somewhere 
between  25.2—26.2  cm,  below  the  46  cm  min- 
imum for  breeding  adults  of  this  species  (Pe- 
tranka 1998). 

This  observation  represents  a  possible 
range  extension  for  A.  tridactylum  ca.  200  km 
to  the  northeast  of  the  known  distribution  of 
this  species  (Conant  &  Collins  1998;  Petranka 
1998).  This  specimen  was  located  roughly  140 
km  due  west  of  the  original  find  by  George 
Spangler  of  an  amphiuma  in  Indiana  at  Jef- 
fersonville  (Minton  1972).  A  reported  obser- 
vation of  a  A.  tridactylum  in  Tennessee,  out- 
side of  the  known  distribution  of  the  species, 
has  also  been  called  into  question  (Redmond 
&  Scott  1996).  Perhaps  additional  survey  ef- 
forts for  this  species  in  suitable  habitats  will 
produce  other  records  outside  the  known  dis- 
tribution. Because  of  a  paucity  of  recent  stud- 
ies of  A.  tridactylum  and  the  reclusive  nature 
of  this  species  (Petranka  1998),  we  suggest 
that  it  is  likely  that  isolated  populations  do 
occur  elsewhere.  Further,  our  observation  in- 
dicates that  the  specimen  in  Warrick  County, 
Indiana,  was  an  immature  is  suggestive  of  a 
breeding  population  in  the  area.  Given  that 
this  species  was  found  in  a  slough,  habitats 
known  to  harbor  populations  of  the  protected 
copperbelly  water  snake  (Nerodia  erythrogas- 
ter  neglecta  Conant)  in  southern  Indiana 
(Lacki   et  al.    1994),   conservation   efforts   in 


place  to  conserve  the  copperbelly  water  snake 
may  fortuitously  also  benefit  sympatric  pop- 
ulations of  A.  tridactylum. 
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THE  GRAY  BAT,  MYOTIS  GRISESCENS,  IN  INDIANA 
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Haute,  Indiana  47809 
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ABSTRACT.  Hahn  (1909)  was  the  first  to  report  the  presence  of  the  gray  bat,  Myotis  grisescens,  in 
Indiana;  but  through  1977,  only  22  individuals  had  been  reported.  Cope  and  Richter  (1978)  provided  the 
first  evidence  that  a  maternity  colony  might  exist  in  the  state  when  they  netted  8  gray  bats  (2  adult  males 
and  6  lactating  females)  at  Muddy  Fork  Creek,  in  Clark  County.  In  1982,  Brack  et  al.  (1984)  located  a 
colony  of  gray  bats  in  an  abandoned  quarry  at  Sellersburg,  about  5  km  south  of  Muddy  Fork  Creek.  The 
quarry  was  in  a  bluff  at  the  edge  of  a  lake.  The  lake  extended  into  and  throughout  the  quarry.  The  colony 
contained  about  400  bats  at  the  time  of  discovery.  It  had  grown  to  about  750  bats  by  1991,  1 100  by  1994, 
1950  by  1997  and  3800  by  the  year  2000.  Gray  bats  were  not  present  in  winter,  but  in  1999,  at  least  300- 
400  bats  had  returned  by  8  April;  and  emergence  counts  indicated  that  at  least  1430,  980  and  54  bats 
were  present  on  23  September,  14  October  and  1 1  November,  1999,  respectively.  Feeding  had  commenced 
by  15  April,  mostly  on  chironomids  and  other  dipterans.  The  bats  switched  to  coleopterans,  trichopterans, 
lepidopterans  and  a  variety  of  other  items  during  the  summer,  then  again  fed  on  chironomids,  including 
even  pupae,  in  the  fall.  There  appears  to  be  a  second  roost  at  the  Indiana  Army  Ammunition  Plant  at 
Charlestown  (INAAP),  about  7  km  from  the  Sellersburg  site  (Pruitt  1997;  1998),  but  the  actual  roost  has 
not  been  located.  It  may  be  in  the  numerous  caves  there.  In  1998,  Pruitt  confirmed  that  there  is  movement 
between  the  two  roosts,  a  distance  of  about  7  km.  A  few  bats,  mostly  males,  can  be  found  along  the  Ohio 
River  to  the  west;  and  a  few  have  been  found  hibernating  in  Twin  Domes  Cave  in  Harrison  County.  Also, 
males  have  been  found  clustering  with  Myotis  sodalis  males  in  summer  in  Wyandotte  Cave  in  Crawford 
County. 

Keywords:     Gray  bat,  Myotis  grisescens,  Indiana 


The  gray  bat,  Myotis  grisescens,  is  the  larg- 
est member  of  the  genus  Myotis  in  the  United 
States.  It  is  found  mostly  in  Alabama,  north- 
ern Arkansas,  Kentucky,  Missouri  and  Ten- 
nessee, and  occasionally  in  adjacent  states,  in- 
cluding Indiana  and  Kansas  (Hall  1981; 
Barber  &  Davis  1969).  The  distribution  of  this 
species  has  always  been  patchy,  but  fragmen- 
tation and  isolation  of  populations  have  in- 
creased in  recent  decades. 

The  species,  a  true  cave  bat,  forms  large 
maternity  colonies  (typically  10,000-50,000) 
in  caves  in  summer,  Tuttle  (1976)  divided  the 
year  into  four  activity  periods:  hibernation  (21 
November-25  March);  spring  migration  (26 
March-24  May);  summer  (25  May-22  Au- 
gust), and  fall  migration  (23  August-20  No- 
vember). Tuttle  (1976)  stated  that  gray  bats 
give  birth  to  one  young  from  about  4  June-3 
July.  The  young  are  weaned  in  about  two 
months.  Hibernation  occurs  in  other,  very  cold 
caves  after  a  fall  migration.  Gray  bats  are  very 


intolerant  of  disturbance  at  their  roosts,  par- 
ticularly maternity  roosts;  and  disturbance  of 
roost  sites  is  a  major  threat  to  the  species. 
About  95%  of  the  entire  population  hibernate 
in  only  nine  caves  in  Alabama,  Arkansas, 
Kentucky,  Missouri  and  Tennessee.  The  gray 
bat  was  listed  as  endangered  in  the  U.S.  Fed- 
eral Register  on  28  April  1976. 

The  first  gray  bat  known  from  Indiana  was 
collected  by  Hahn  (1909)  on  9  August  1907 
in  Twin  Cave,  Lawrence  County;  and  the  sec- 
ond was  netted  on  14  August  1958  by  J.B. 
Cope  and  J.H.  Schnell  at  Donaldson's  Cave. 
Both  these  records  were  in  what  is  now  Spring 
Mill  State  Park.  Four  gray  bats  were  taken  in 
Donnehue's  Cave,  also  in  Lawrence  County, 
a  male  on  14  April  1959  by  Mumford,  a  male 
on  18  August  1959  by  Cope  and  Gross,  and 
two  collected  2  September  1960  (sex  not 
known)  by  Cope.  Fourteen  individuals  were 
taken  at  Wyandotte  Cave,  three  of  which  were 
hibernating  inside  the  cave,  and  1 1  taken  by 
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mistnetting  at  the  entrance.  Those  found  hi- 
bernating in  the  cave  were  a  male  and  a  fe- 
male on  13  February  and  25  March  1960,  re- 
spectively, by  R.E.  Mumford,  and  a  male  on 
10  February  1967  by  J.B.  Cope.  Gray  bats 
were  mistnetted  at  the  entrance  as  follows:  7 
Sept  1961,  \6  (R.E.  Mumford);  31  August 
1963,  2d2  9  (A.  DeBlase);  2  September  1963, 
29;  24  August  1964,  to*  and  23  April  1966, 
1  9,  all  banded  (J.B.  Cope);  13  Sept  1963,  1  9 
(J.B.  Cope  &  G.L.  Ward);  and  23  August 
1974,  1  9  (Mumford  &  Whitaker).  In  addition, 
Ralph  Kirkpatrick  found  a  male  gray  bat 
roosting  in  Biehle  Cave,  along  800S,  1  mile 
west  of  State  Rd.  #3  in  Jennings  County  on  7 
October  1971.  Thus,  21  gray  bats  were  known 
from  Indiana  prior  to  1977.  They  were  from 
three  counties,  and  none  was  taken  during  the 
reproductive  season  (Mumford  &  Whitaker 
1982). 

The  first  evidence  that  a  maternity  roost  of 
gray  bats  might  be  present  in  Indiana  was  ob- 
tained when  Cope  &  Richter  (1978)  netted 
two  male  and  six  lactating  female  gray  bats 
between  8-19  July  1978  at  Muddy  Fork 
Creek,  north  of  Sellersburg  (Clark  County). 
On  29-30  June  1982,  Brack  et  al.  (1984) 
searched  for  gray  bats  in  15  caves  and  quar- 
ries in  Clark  County  without  success.  They 
then  netted  at  Muddy  Fork  Creek  from  1-7 
July,  and  captured  4  adult  male  and  seven  lac- 
tating female  gray  bats.  On  5  July  they  ex- 
plored a  flooded  abandoned  limestone  quarry 
at  Camp  Chelan,  Sellersburg  (Map  1),  about 
5  km  from  the  Muddy  Fork  Creek  capture  site 
and  located  the  gray  bat  colony.  The  quarry 
consisted  of  a  series  of  large  rooms  in  a  bluff 
on  the  side  of  a  lake.  The  lake  extended  into 
and  throughout  the  quarry.  Three  clusters  of 
gray  bats  were  found  in  the  quarry,  each  clus- 
ter being  about  0.5  m  in  diameter;  and  other 
bats  were  heard.  An  exit  count  was  made  on 
9  July  1982,  and  about  400  bats  emerged  from 
the  entrance  nearest  the  roost  area. 

The  population  was  next  estimated  by 
James  Mills  (unpubl.  data)  who  made  exit 
counts  in  1986  with  observers  at  all  six  en- 
trances of  the  quarry.  He  got  minimum  num- 
bers of  bats  present  as  453  on  24  July  and  418 
on  20  September  1986. 

The  purpose  of  this  paper  is  to  summarize 
information  on  the  occurrence,  distribution, 
population  growth  and  food  habits  of  the  gray 
bat,  Myotis  ghsescens,  in  Indiana. 


METHODS 

From  1988  to  2000,  we  made  dusk  counts 
at  irregular  intervals  at  the  entrance  to  the 
Sellersburg  quarry  to  determine  population 
levels.  In  addition,  the  quarry  was  entered  in 
early  spring  (8  April  1999),  presumably  be- 
fore bats  had  returned,  to  try  to  determine  the 
actual  roost  site  and  to  anchor  a  raft  below  the 
roost  to  collect  guano.  Also,  several  dusk 
counts  were  made  in  late  1999  to  determine 
when  the  bats  left  for  the  winter.  Finally,  the 
quarry  was  explored  in  midwinter  to  deter- 
mine whether  any  gray  bats  were  present  at 
that  time. 

To  determine  foods  eaten  by  bats  in  this 
colony,  we  used  rafts  in  order  to  collect  gua- 
no, since  the  roosts  were  over  water.  On  8 
April  1999  we  entered  the  quarry  and  placed 
a  4  X  8  ft.  (1.2  X  2.4  m)  raft  under  where  we 
thought  the  bats  would  form  their  colony. 
However,  we  were  surprised  to  find  300—400 
gray  bats  already  present  and  extremely  ac- 
tive. We  placed  the  raft  below  the  bats,  but 
upon  further  consideration,  we  did  not  want 
to  chance  disturbing  the  colony.  Consequent- 
ly, on  15  April,  we  moved  the  raft  from  under 
the  bats  and  placed  it  in  the  north  entrance  to 
the  quarry,  which  is  where  most  bats  exited. 
A  second  raft  was  added  to  give  more  surface 
area,  and  guano  was  periodically  collected 
from  the  rafts  every  two  to  three  weeks. 

RESULTS 

Periodic  dusk  counts  showed  that  the  pop- 
ulation remained  around  400  through  1990 
(Table  1 ),  and  then  started  to  grow.  Counts. 
all  in  September,  were  752  in  1991,  1101  in 
1994,  1949  in  1997,  and  3768  in  2000.  In 
1998  the  count  was  only  1552,  and  in  1999 
when  several  counts  were  taken,  the  high 
count  was  1830;  however,  it  was  in  April,  thus 
before  the  young  were  produced.  The  colony 
itself  was  near  the  north  entrance,  and  the 
greatest  number  of  bats  always  emerged  from 
that  entrance,  the  second  most  from  the  sec- 
ond exit,  etc.,  as  indicated  for  several  years 
from  1990  through  1998  (Table  1). 

The  June  1988  count  (253)  was  lower  than 
previous  counts.  However,  previous  counts 
had  been  made  in  July  or  later,  therefore 
would  have  contained  juveniles,  whereas  the 
June  count  was  presumably  of  adults  only.  All 
counts  are  subject  to  question  since  there  are 
apparently  two  roosts  in  Clark  County  (Sell- 
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Map  1. — Circles  (•)  indicate  localities  where  the  gray  bat  {Myotis  grisescens)  has  been  netted.  Stars 
(*)  indicate  sites  of  maternal  colonies,  and  triangles  (A)  indicate  caves  where  gray  bats  have  been  found. 


ersburg   and   INAAP — see   below)   and   gray  considered  as  minimum  counts  of  gray  bats  at 

bats    move    between   them.    Also,    it    is    now  the  two  roosts. 

known  that  there  are  back  entrances  to  the  In  1999,  the  Sellersburg  quarry  was  visited 

quarry  although  no  bats  exited  from  there  on  several  times;  and  dusk  counts  made  in  order 

one  night  of  observation.  The  counts  can  be  to  determine  when  bats  arrive  and  how  long 
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Table  1. — Dusk  counts  of  gray  bats  at  Sellersburg  Quarry. 


Date 

Entrance 

nos. 

1 

2 

3 

4 

Total 

1982 

9  July 

4(H) 

1986 

24  July 

20  September 

453 
418 

1988 

June 

253 

1990 

17  September 

275 

167 

21 

IS 

481 

1991 

9  September 

573 

116 

41 

22 

752 

1994 

15  September 

763 

224 

1  14 

— 

1101 

1997 

15  September 

1552 

174 

79 

44 

1949 

1998 

24  September 

1  1  13 

379 

30 

30 

1552 

2000 

14  August 

Several 

counts  in 

1999 

3768 

Total 

Time  of  exit 

15  April 

14 

30  April 

1 830 

8:10- 

-8:17 

20  May 

1621 

8:25- 

-8:35 

8  June 

950 

8:28- 

-8:40 

29  June 

1710 

8:29- 

-8:59 

22  July 

1690 

23  September 

1430 

7:05- 

-7:40 

14  Octobei 

980 

6:30- 

-7:10 

1  1  November 

54 

6:00- 

-6:28 

they  stayed.  The  first  visit  was  on  8  April.  It 
was  assumed  that  no  bats  would  be  present. 
The  objective  was  to  determine  the  specific 
location  where  the  bats  would  roost  in  order 
to  place  a  raft  below  that  spot  in  order  to  col- 
lect guano  for  food  habits  analysis.  However, 
towards  the  back  of  the  quarry,  about  300- 
400  gray  bats  were  hanging  in  a  depression  in 
the  ceiling.  They  were  active  and  very  noisy 
when  they  were  first  found,  and  all  left  the 
depression  within  two  minutes  of  when  they 
were  first  seen.  We  placed  the  raft,  measuring 
4X5  feet  ( 1 .2  X  1 .5  m)  under  the  depression, 
and  then  left  the  quarry  so  as  not  to  further 
disturb  the  bats.  No  dusk  count  was  made  on 
8  April.  The  next  visit  was  on  15  April.  On 
that  date  the  bats  were  not  in  the  same  loca- 
tion; and  to  avoid  disturbance,  we  did  not 
search  for  them.  We  moved  the  raft  to  the 
north  entrance  of  the  quarry  and  that  night 
made  a  dusk  count,  but  only  14  bats  emerged. 
However,  at  our  next  count  (30  April),  1830 
bats  emerged.  Since  this  was  the  highest  count 
for  1999,  it  appeared  that  the  population  had 
peaked  by  that  time.  Counts  fluctuated 
throughout  the  year.  It  appeared  that  the  fall 
decline  had  started  by  23  September  as  only 


1430  bats  were  counted.  On  14  October,  980 
were  counted.  We  were  surprised  to  find  that 
on  1  1  November,  54  still  emerged.  This  raised 
the  question  of  whether  the  bats  might  be  pre- 
sent all  winter.  However,  Mills  (unpubl.  data) 
checked  the  quarry  in  winter  in  1986  with 
negative  results.  Also,  the  quarry  was  thor- 
oughly searched  by  us  on  8  March  2000  and 
no  gray  bats  were  found.  The  only  bats  seen 
were  four  eastern  pipistrelles  (Pipistrellus  su- 
bflavus)  and  one  big  brown  bat  (Eptesicusfus- 
cus). 

Second  gray  bat  roost  in  Indiana. — In 
1996,  the  Indiana  Army  Ammunition  Plant 
(INAAP)  at  Charlestown,  Indiana  contacted 
the  U.S.  Fish  and  Wildlife  Service  (USFWS) 
to  survey  the  plant  for  bats.  This  plant  is  in 
Clark  County  and  is  bordered  by  the  Ohio 
River  on  the  east.  It  is  only  about  7  km  east 
of  Sellersburg.  In  the  summer  of  1997,  the 
USFWS  netted  nine  sites  each  with  two  nets 
for  two  nights,  totaling  36  net-nights  (Pruitt 
1997).  Forty-eight  bats  of  five  species  were 
taken,  including  1  1  gray  bats.  Since  the  Sell- 
ersburg quarry  is  so  close  to  the  Charlestown 
site,  it  was  thought  that  the  gray  bats  origi- 
nated at  Sellersburg.  Four  gray  bats  were  ra- 
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dio-tagged  at  INAAP  (2  pregnant  females,  1 
post-lactating  female  and  1  juvenile  male), 
and  people  were  stationed  at  Sellersburg  and 
at  INAAP  at  emergence  time.  For  two  days, 
attempts  were  made  to  pick  up  signals  from 
the  radio-tagged  bats  at  Sellersburg.  No  radio 
signals  were  heard  at  Sellersburg  during  emer- 
gence, but  signals  from  the  bats  were  detected 
at  INAAP  at  dusk,  too  soon  for  the  bats  to 
have  exited  at  Sellersburg  and  flown  to 
INAAP.  These  data  suggest  that  a  separate 
roost  is  involved,  the  second  known  from  In- 
diana. Pruitt  (1998)  was  unable  to  determine 
the  location  of  a  roost  at  INAAP,  although  a 
concentration  of  radio  signals  from  there  sug- 
gests that  it  is  in  the  Upper  Jenny  Lind  Run 
area.  Signals  were  detected  at  INAAP  even 
before  the  bats  at  Sellersburg  had  emerged. 
The  upper  Jenny  Lind  area  was  searched  for 
suitable  cave  openings,  and  several  of  the 
largest  were  monitored  unsuccessfully  for  ra- 
dio signals.  However,  there  are  perhaps  a  hun- 
dred sinkholes  and  cave  openings  in  this  area, 
but  most  are  relatively  small. 

The  USFWS  (Pruitt  1998)  again  mistnetted 
Jenny  Lind  Run  at  INAAP  from  14  June-21 
July  1998,  and  nine  more  gray  bats  were  cap- 
tured and  fitted  with  radio  transmitters,  seven 
females  (4  pregnant,  2  lactating  and  1  juve- 
nile), and  two  adult  males.  Pruitt  (1998)  ob- 
tained evidence  of  movement  of  gray  bats  be- 
tween INAAP  and  Sellersburg.  Six  of  the 
eight  bats  were  detected  at  least  once  emerg- 
ing from  the  Sellersburg  quarry,  but  not  con- 
sistently so.  Tuttle  (1976)  noted  that  gray  bats 
often  use  multiple  roosts,  particularly  late  in 
the  season;  and  Pruitt  suggested  that  the  Sell- 
ersburg quarry  and  INAAP  roosts  might  be- 
long to  a  single  maternity  colony.  Reproduc- 
tive females  from  the  Sellersburg  quarry  need 
to  be  radio-tagged  to  help  clarify  the  situation. 

Flight  speed. — Pruitt  (1998)  calculated 
flight  speeds  of  three  gray  bats  which  emerged 
from  the  Sellersburg  quarry  and  were  then  de- 
tected at  INAAP  on  the  same  night.  For  all 
three  bats,  there  was  a  period  of  time  when 
the  signal  was  picked  up  by  an  observer  at 
Sellersburg  and  by  one  at  INAAP  at  the  same 
time.  The  time  estimated  for  a  gray  bat  to  go 
the  7  km  from  Sellersburg  to  Charlestown  was 
26  minutes  for  two  of  the  bats  (16  km/h)  and 
10  minutes  for  the  third  (42  km/h). 

Distribution  of  gray  bats  in  Indiana. — 
Mumford  &  Whitaker  (1982)  indicated  that 


gray  bats  had  been  recorded  in  three  counties 
prior  to  1978  (Lawrence,  Crawford  and  Jen- 
nings). There  were  specimens  in  collections 
from  Lawrence  (Spring  Mill  State  Park  area 
and  Donnehue's  Cave)  and  Crawford  (Wyan- 
dotte Cave)  Counties.  Clark  County  (Muddy 
Fork)  was  added  in  1978  (Cope  &  Richter 
1978).  Brack  et  al.  (1984)  discovered  the  col- 
ony at  Sellersburg.  Pruitt  (1997,  1998)  re- 
ported the  second  colony  of  gray  bats  at 
INAAP,  about  7  km  from  Sellersburg. 

Brack  and  associates  and  also  Whitaker  & 
Gummer  (2001)  made  a  total  of  1067  mist 
nettings  from  throughout  Indiana  in  which 
6445  bats  of  ten  species  were  captured  (in  80 
of  the  92  Indiana  counties).  These  data  were 
used  to  help  determine  the  distribution  of  gray 
and  other  bats  in  the  state.  Brack  and  associ- 
ates (unpubl.  data)  captured  three  males  at 
Twin  Domes  Cave  in  Harrison  County  in  May 
and  June  of  1980,  making  it  the  fifth  county 
of  occurrence  for  this  species.  In  addition 
(Brack  et  al.  1998)  captured  an  adult  gray  bat 
on  19  July  1998  on  Stinking  Fork  Creek, 
Crawford  County.  Whitaker  &  Gummer 
(2001)  netted  nine  gray  bats  in  the  Ohio  River 
basin  of  southwestern  Indiana  as  follows:  Per- 
ry County:  15  August  1996,  1  adult  6  along 
Knob  Creek  at  Derby.  Spencer  County:  6  Au- 
gust 1997,  juvenile  9  along  Crooked  Creek; 
13  August  1997,  2  adult  6,  upper  Anderson 
River,  1  mi.  NE  St.  Meinrad.  Harrison  Coun- 
ty: 7  Aug  1998,  Buck  Creek,  below  Squire 
Boone  Cave,  2  adult  6;  7  Aug  1998,  tiny 
stream  exiting  Squire  Boone  Cave,  1  adult  8 . 
Floyd  County:  15  July  1998,  Knob  Creek,  2.5 
mi.  SE  Edwardsville,  1  juv  6 .  Clark  County: 
9  September  1999,  Silver  Creek,  1  mi.  S.  Sell- 
ersburg. 1    9 . 

The  addition  of  Perry,  Spencer,  and  Floyd 
Counties  brings  to  eight  the  number  of  coun- 
ties from  which  gray  bats  have  been  recorded 
in  Indiana  (Map  1).  Apparently  some  male 
gray  bats  live  in  summer  along  the  Ohio  River 
and  its  tributaries  south  and  west  of  the  Sell- 
ersburg colony.  Presumably  they  have  dis- 
persed there  from  Clark  County  or  from  north- 
ern Kentucky,  or  perhaps  they  simply  stopped 
there  during  their  northern  migration. 

Other  species  associated  with  gray 
bats. — At  Muddy  Fork  Creek,  Cope  &  Rich- 
ter (1978)  caught  10  red  bats,  8  big  brown 
bats,  7  pipistrelles  and  6  Indiana  myotis  along 
with  8  gray  myotis.  Mills  (unpubl.  data)  put 
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mistnets  over  a  channel  of  the  lake  at  the  Sell- 
ersburg  quarry  on  seven  dates  between  23 
June-25  July  1986,  and  over  Silver  Creek 
about  half  mile  to  the  east  of  the  quarry  on 
four  nights  (25-26  June,  25-26  July).  He 
caught  5  red  bats,  5  pipistrelles,  3  big  brown 
bats,  and  2  little  brown  myotis  along  with  31 
gray  bats  at  the  quarry,  and  9  big  brown  bats, 
8  red  bats,  2  pipistrelles  and  2  little  brown 
myotis  along  with  4  gray  bats  at  Silver  Creek. 
Besides  the  20  gray  bats  netted  at  INAAP,  54 
big  brown  bats,  5  eastern  pipistrelles,  5  little 
brown  myotis  and  4  red  bats  were  also  cap- 
tured (Pruitt  1997,  1998). 

On  15  July  1998,  USFWS  personnel  used 
a  bat  trap  at  the  north  entrance  at  Sellersburg 
between  2029  h  and  2100  h.  It  yielded  the 
following  gray  bats,  10  males,  10  non-repro- 
ductive females,  2  adult  post-lactating  fe- 
males, and  2  juvenile  females,  as  well  as  4 
male  little  brown  myotis. 

Use  of  caves  by  gray  bats. — Most  of  the 
earlier  records  of  gray  bats  in  Indiana  were 
hibernating  in  caves  or  were  netting  during 
swarming  at  cave  entrances.  The  caves  in- 
volved were  usually  Wyandotte  (Crawford 
County),  Donnehue's  or  the  caves  in  Spring 
Mill  State  Park  (Lawrence  County).  More  re- 
cently, a  few  gray  bats  have  been  found  hi- 
bernating in  Twin  Domes  Cave  (Harrison 
County),  one  on  10  February  1989,  and  three 
on  6  February  1995. 

In  Wyandotte  Cave,  on  27  June  1989,  an 
estimated  400  bats  were  hanging  in  two  clus- 
ters high  above  the  floor  part  in  the  passage 
leading  to  the  Pillar  of  Constitution.  Forty  of 
these  were  examined;  all  were  male  Indiana 
bats.  Another  visit  was  made  on  26  July,  when 
about  600  bats  were  in  two  clusters  behind  the 
Pillar  of  Constitution.  Twenty-three  of  these 
were  examined,  including  19  Indiana  and  4 
gray  bats,  all  males.  In  addition,  Scott  Johnson 
and  Virgil  Brack  (pers.  commun.)  captured 
two  male  gray  bats  emerging  from  the  cave 
by  harp  trap  in  April  1991,  and  6-8  additional 
males  on  5  September  1997. 

Food  of  the  bats  at  Sellerburg. — As  in- 
dicated, rafts  were  floated  on  the  water  at  the 
Sellersburg  quarry  to  collect  guano  for  food 
habits  analysis.  Fifty  pellets  were  examined 
that  had  been  collected  on  15  April  from  the 
raft  that  had  been  under  the  roosting  bats. 
Smaller  numbers  of  pellets  (3-29)  were  ex- 
amined that  had  been  collected  from  the  rafts 


positioned  at  the  north  entrance  to  the  quarry 
on  various  dates  from  30  April- 1  1  November 
1999. 

The  major  foods  of  the  gray  bats  at  Sell- 
ersburg appear  to  be  midges  (Chironomidae) 
and  other  dipterans,  in  spring  and  fall,  with 
various  kinds  of  beetles  comprising  the  major 
foods  in  summer.  Even  pupal  midges  had  been 
eaten  by  bats  as  indicated  from  pellets  col- 
lected on  8  November.  Presumably  the  pupae 
were  skimmed  from  the  surface  of  the  water. 

In  summer  numerous  beetles  were  eaten,  in- 
cluding scarabeids,  carabids,  and  chrysome- 
lids.  The  chrysomelids  were  mainly  spotted 
cucumber  beetles,  Diabrotica  undeeimpunc- 
tata,  a  favored  food  of  big  brown  and  evening 
bats.  This  species  is  an  important  agricultural 
pest  on  melons  and  other  vine  plants,  and,  al- 
though not  too  important  in  Indiana,  it  will 
also  attack  corn,  as  one  of  the  corn  root- 
worms.  Beetles  appeared  to  be  a  favored  food 
of  the  Sellersburg  gray  bats  through  much  of 
the  year,  although  a  number  of  other  kinds  of 
insects  were  eaten  (Table  2).  Moths  were  often 
eaten,  caddis  flies  formed  a  significant  part  of 
the  diet  in  April,  June  and  September;  and 
brown  lacewings  (Hemerobiidae)  were  of 
some  importance  throughout  the  year.  A  few 
spiders  and  orthopterans  were  also  eaten. 

Lacki  et  al.  (1995)  examined  foods  of  gray 
bats  in  Kentucky,  although  their  samples  were 
small.  They  examined  24,  2,  23  and  9  pellets 
respectively  from  May  through  August.  They 
also  collected  large  numbers  of  insects  in 
blacklight  traps  as  an  indication  of  availabil- 
ity. Coleopterans  were  the  major  item  in  June, 
July  and  August  when  they  consisted  of  90, 
63.3,  and  62.8%  by  volume.  In  May  and  July 
the  bats'  food  paralleled  abundance  as  indi- 
cated by  the  blacklight  sample,  but  the  bats 
appeared  to  feed  selectively  on  coleopterans 
in  May  and  August,  Lepidoptera  in  May  and 
Trichoptera  in  July.  Dipterans,  mostly  midges, 
were  heavily  eaten  in  May  (15.1%),  the  only 
month  they  were  available  in  large  numbers 
(18.1%  of  available  insects).  Trichopterans 
formed  62.4%  of  the  available  insects  in  May. 
7.7%  in  July  and  29.3%  in  August,  and 
formed  36.4,  14.8,  and  19.6%  of  the  volume 
of  food  at  that  time.  Ephemeropterans  were 
captured  in  relatively  high  percentage  by 
Lacki  et  al.  (1995)  in  blacklights,  but  were  not 
found  in  fecal  pellets. 
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DISCUSSION 

Gray  bats  have  been  recorded  in  Indiana 
rarely,  but  rather  regularly  since  the  late 
1950's.  Some  of  these  bats  may  have  been 
stragglers  from  Kentucky,  as  there  is  evidence 
of  an  active  colony  about  10  miles  south  of 
Indiana  along  the  Yellow  Bank  River  in 
Breckinridge  County,  Kentucky  (Brack  pers. 
commun.). 

It  is  not  known  when  gray  bats  became  es- 
tablished in  Indiana,  nor  when  either  of  the 
two  colonies  first  formed.  However,  the  gray 
bat  maternity  colony  has  been  established  in 
the  region,  probably  at  Sellersburg  at  least 
since  1978  when  Cope  and  Richter  caught  the 
first  gray  bats  at  Muddy  Fork  Creek.  It  is  pos- 
sible (perhaps  likely)  that  some  of  the  bats 
from  Sellersburg  dispersed  to  INAAP  and  es- 
tablished the  colony  there.  It  is  not  difficult  to 
imagine  that  this  might  have  happened  about 
1997-98,  when  population  fluctuations  at 
Sellersburg  became  more  apparent.  It  is  also 
possible  that  the  INAAP  colony  was  estab- 
lished first,  and  was  the  source  of  the  Sellers- 
burg colony.  The  early  records  could  indicate 
that  one  or  both  of  these  colonies  existed  ear- 
lier than  1978,  perhaps  as  early  as  1958  or 
even  1907.  Quarrying  operations  at  Sellers- 
burg apparently  ceased  about  1900,  so  it  is 
assumed  that  the  colony  in  the  quarry  was  not 
present  until  after  that  date.  Gray  bats  could 
have  existed  longer  at  INAAP,  as  numerous 
caves  are  present  there. 

However,  the  most  likely  scenario  to  us  is 
that  gray  bats  became  established  in  Clark 
County  in  the  1950's,  with  the  earlier  record 
(Hahn  1909)  representing  accidental  occur- 
rence from  Kentucky.  The  colony  has  shown 
much  growth  since  1 980,  from  about  400  bats 
to  nearly  4000  now. 

Male  gray  bats  occasionally  occur  along  the 
Ohio  basin  between  Spencer  County  and 
Clark  County,  and  a  few  gray  bats  have  been 
found  in  hibernation  in  caves  in  Indiana.  Also, 
male  gray  bats  have  been  found  in  bachelor 
colonies  in  summer  in  Wyandotte  Cave,  along 
with  male  Indiana  myotis. 

Several  factors  may  influence  dusk  counts. 
There  are  fluctuations  beyond  seasonal  ones, 
such  as  weather  and  life  history  stage  of  the 
bats.  In  1999  when  several  counts  were  made 
the  high  count  was  obtained  on  30  April.  The 
high  counts  should  have  been  in  July  or  Au- 


gust after  the  young  entered  the  population. 
Since  radio-tagged  bats  have  been  tracked 
from  one  roost  to  the  other,  it  is  possible  that 
low  counts  at  Sellersburg  could  indicate  that 
substantial  numbers  were  at  INAAP.  We  sus- 
pect that  this  discrepancy  is  related  to  move- 
ment of  bats  between  the  Sellersburg  and 
INAAP  roosts. 

Lacki  et  al.  (1995)  did  not  find  mayflies  in 
fecal  pellets  of  gray  bats,  whereas  the  present 
authors  found  small  amounts  of  this  item 
among  the  foods  of  this  species.  Rabinowitz 
&  Tuttle  (1982),  using  fecal  analysis,  sug- 
gested that  there  was  strong  bias  against  may- 
flies. Mayfly  wings  are  identifiable  in  feces, 
therefore  we  believe  that  this  would  be  true 
only  when  wings  were  mostly  culled  by  the 
bats.  Rabinowitz  &  Tuttle  (1982)  did  not  find 
evidence  of  culled  mayflies;  rather  culled 
parts  were  from  beetles,  moths  and  flies.  They 
did,  however,  find  mayflies  in  fecal  pellets 
from  bats  that  had  been  fed  mayflies,  indicat- 
ing the  ability  to  recognize  them  after  they 
had  passed  through  the  digestive  tract.  We 
think  that  one  should  be  aware  that  mayflies 
(and  perhaps  some  other  soft-bodied  insects) 
might  be  under  represented  in  feces  when 
wings  are  culled.  However,  we  do  not  believe 
this  to  be  generally  a  serious  problem  with 
fecal  analysis  of  insectivorous  bats.  We  do  be- 
lieve additional  work  is  needed  on  this  topic. 
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FOOD  OF  EPTESICUS  FUSCUS,  THE  BIG  BROWN  BAT, 

IN  INDIANA  IN  THE  ABSENCE  OF 

CULTIVATED  FIELDS  AND  AGRICULTURAL  PESTS 

John  O.  Whitaker,  Jr.:      Department  of  Life  Sciences,  Indiana  State  University,  Terre 
Haute,  Indiana  47809 

Harmon  P.  Weeks,  Jr.:     Department  of  Forestry  and  Natural  Resources,  Purdue 
University,  West  Lafayette,  Indiana  47907 

ABSTRACT.  Big  brown  bats  (Eptesicus  fuscus)  in  Indiana  feed  heavily  on  agricultural  pest  insects.  Big 
brown  bats  at  Crane  Naval  Surface  Warfare  Center,  Martin  County,  Indiana,  where  agricultural  fields  were 
not  present,  had  almost  the  same  diet  as  in  areas  of  central  Indiana  and  neighboring  Illinois  with  abundant 
cultivated  fields.  Scarabaeid  beetles,  spotted  cucumber  beetles  {Diabrotica  undecimpunctatd),  green  stink- 
bugs,  carabid  beetles,  other  beetles,  cicadellid  bugs  and  lepidopterans  were  the  most  important  foods  in 
both  cases,  although  the  order  varied  somewhat. 

Keywords:      Bats,  Chiroptera,  food  habits,  Eptesicus  fuscus,  big  brown  bat 


In  Indiana,  the  big  brown  bat  is  assumed  to 
feed  over  or  near  cultivated  fields,  since  spot- 
ted cucumber  beetles  {Diabrotica  undecim- 
punctatd) and  other  agricultural  pests  form 
about  80%  of  its  diet  (Whitaker  1995).  There- 
fore, it  seemed  of  interest  to  determine  the 
food  of  big  brown  bats  in  an  area  in  which 
cultivated  fields  were  not  readily  available.  A 
maternity  colony  of  big  brown  bats  was  lo- 
cated under  a  bridge  (Bridge  1891)  at  Crane 
Naval  Surface  Warfare  Center  (CNSWC), 
Martin  County,  Indiana.  The  Crane  facility  is 
250  km2  and  is  78%  wooded,  with  the  re- 
mainder in  mowed  grassy  areas  (e.g.,  road- 
sides, powerline  rights-of-way)  and  industrial 
complexes.  It  includes  no  cultivated  fields;  the 
nearest  agricultural  field,  which  is  relatively 
small,  is  about  5  km  from  the  bridge  and  out- 
side CNSWC's  border.  Thus,  it  appeared  un- 
likely that  the  bats  would  be  feeding  over  cul- 
tivated fields.  The  purpose  of  this  project  was 
to  determine  the  food  of  big  brown  bats  in 
central  Indiana  in  a  situation  where  agricul- 
tural pest  species  were  likely  not  readily  avail- 
able, and  insect  foods  would  presumably  re- 
flect "natural"  rather  than  agricultural 
conditions. 

METHODS 

Guano  samples  were  gathered  beneath  clus- 
ters of  big  brown  bats  under  the  bridge  on  1 3 


different  dates,  4  in  1994  (6,  11,  12,  14  June) 
and  9  in  1995  (6,  12,  21  July,  2,  8  August, 
10,  19,  25  September,  and  25  October).  Fifty 
guano  pellets  were  examined  in  most  samples 
except  that  only  28  were  available  from  6 
July,  and  only  34  from  12  July.  A  total  of  612 
pellets  was  included  in  the  sample.  Foods 
were  identified,  and  their  percentage  volumes 
were  estimated  visually  in  each  pellet.  The 
percent  volumes  were  calculated  (sum  of  in- 
dividual volumes  for  each  food/sum  of  total 
volume  X  100;  see  Whitaker  1988),  indicating 
the  relative  amount  of  each  type  of  food  in  a 
sample.  These  data  were  compared  to  data 
from  1 1  different  maternity  colonies  of  this 
species  from  agricultural  areas  of  Indiana  and 
Illinois  (Whitaker  1995). 

RESULTS 

We  were  surprised  to  find  that  the  foods  of 
big  brown  bats  at  CNSWC,  where  there  were 
no  cultivated  fields  within  5  km,  were  strik- 
ingly similar  to  those  in  the  1  1  maternity  col- 
onies in  agricultural  areas  in  Indiana  and  Il- 
linois (Table  1 ).  The  top  two  foods  were  the 
same,  Scarabaeidae  and  the  spotted  cucumber 
beetle,  Diabrotica  undecimpunctata.  These 
items  constituted  32.4  and  22.3%  (total  of 
54.7)  of  the  food  at  Crane,  and  29.6  and  28.2 
(total  of  57.8%)  of  the  food  in  the  Indiana/ 
Illinois  sample. 
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Table  1. — Foods  (%  volume)  of  the  big  brown 
bat  at  Crane  Naval  Surface  Warfare  Center  (Martin 
County  Indiana),  as  compared  with  food  from  fecal 
pellets  from  1  1  colonies  of  big  brown  bats  in  In- 
diana and  Illinois  studied  by  Whitaker  (1995). 
Items  are  listed  from  greatest  to  least  percent  vol- 
ume at  Crane. 


Indiana/ 

Crane 

Illinois 

Scarabaeidae 

32.4 

29.6 

Diabrotica 

22.3 

28.2 

Pentatomidae  (green) 

18.1 

8.1 

Unidentified  Coleoptera 

5.5 

3.6 

Cicadellidae 

4.0 

4.3 

Lepidoptera 

3.5 

4.0 

Carabidae 

3.2 

9.9 

Formicidae 

2.7 

0.2 

Ichneumonidae 

2.7 

2.2 

Curculionidae 

1.2 

1.6 

Hemerobiidae 

1.0 

1.6 

Trichoptera 

0.9 

2.5 

Pentatomidae  (brown) 

0.6 

0.0 

Tettigoniidae 

0.5 

0.0 

Dytiscidae 

0.3 

0.3 

Miridae 

0.3 

0.4 

Calathus 

0.2 

0.6 

Chironomidae 

0.2 

0.2 

Dolichopodidae 

0.2 

0.0 

Gryllidae 

0.2 

trace 

Unidentified  insect 

0.2 

0.1 

Cynididae 

0.1 

1.0 

Unidentified  Diptera 

0.1 

1.1 

Tipulidae 

0.08 

0.1 

Delphacidae 

0.08 

0.0 

Cercopidae 

0.07 

0.0 

Coleopterous  larvae 

0.06 

0.0 

Lygaeidae 

0.04 

0.0 

Cerambycidae 

0.03 

0.0 

Unidentified  Hymenoptera 

0.03 

0.0 

Culicidae 

0.01 

0.0 

Total 

100.8 

99.3 

The  next  five  foods  were  the  same  at  the 
CNSWC  and  in  the  Indiana/Illinois  samples, 
although  the  order  differed.  The  third  most 
important  item  at  Crane  was  green  stinkbugs, 
forming  18.1%  of  the  volume.  It  was  fourth 
in  the  Indiana/Illinois  sample  at  8.1%.  Fourth 
at  Crane  was  unidentified  coleopterans  (5.5%; 
seventh  with  3.6%  volume  at  Indiana/Illinois). 
Fifth  at  Crane  was  cicadellids  with  4.0%; 
sixth  at  Crane  were  lepidopterans  (sixth  at  In- 
diana/Illinois also  with  4.0%  of  the  volume), 
and  seventh  at  Crane  was  carabids  at  2.2% 
(3rd  at  Indiana/Illinois;  9.7%  of  the  volume). 


The  remainder  of  the  identified  taxa  corre- 
sponded closely  between  Crane  and  the  gen- 
eral Indiana/Illinois  sample  (Table  1).  The  top 
seven  food  items  were  compared  using  one- 
way ANOVA's  with  Student-Newman-Keuls 
multiple  range  tests  performed  on  arcsine 
transformed  data.  None  were  significantly  dif- 
ferent (a  =  0.05).  Big  brown  bats  were  clearly 
eating  very  similar  foods  at  Crane  where  cul- 
tivated fields  were  lacking  as  they  were  in  ar- 
eas where  numerous  cultivated  fields  were 
available.  However,  a  greater  total  number  of 
foods  was  identified  from  Crane  (n  =  31)  as 
opposed  to  Indiana/Illinois  (n  =  20).  Eleven 
taxa  (35.5%)  were  found  at  Crane,  but  were 
not  identified  in  the  Indiana/Illinois  at-large 
samples.  This  suggests  that  big  brown  bats 
will  diversify  their  diets  when  other  taxa  are 
available  and/or  that  agricultural  areas  may 
have  an  impoverished  insect  community, 
which  is  a  subset  of  that  occurring  in  wooded 
habitats. 

DISCUSSION 

Based  principally  on  heavy  use  of  the  spot- 
ted cucumber  beetle,  but  also  because  other 
important  pest  species  (e.g.,  scarabaeids,  pen- 
tatomids  and  cicadellids)  were  included  in  the 
diet  of  big  brown  bats,  Whitaker  (1995)  con- 
cluded that  the  species  is  a  particularly  valu- 
able asset  to  agriculture.  The  spotted  cucum- 
ber beetle  is  an  important  pest  on  vine  plants 
(melons  and  cucumbers)  but  is  of  special  in- 
terest since  its  larva  is  one  of  the  corn  root- 
worms.  However,  inconsistencies  exist  in  the 
evaluations  of  the  importance  of  the  spotted 
cucumber  beetle  as  an  agricultural  pest.  The 
larva  of  this  species  is  the  southern  corn  root- 
worm,  which  Krysan  &  Miller  (1986)  class  as 
an  important  agricultural  pest,  stating  that  "In 
North  America,  the  three  important  species  of 
corn  rootworms,  Diabrotica  virgifera  virgi- 
fera  the  western  corn  rootworm,  D.  barberi 
the  northern  corn  rootworm,  and  D.  undecim- 
punctata  howardi  the  southern  corn  rootworm 
are  probably  the  continent's  most  expensive 
insect  pests." 

Because  of  Krysan  &  Miller's  (1986)  proc- 
lamation and  since  this  species  is  so  abundant 
in  big  brown  bat  diets  in  Indiana,  we  assumed 
that  this  was  a  major  agricultural  pest  in  the 
state.  However,  other  authors  suggest  that  this 
may  not  be  the  case.  Edwards  et  al.  (1993) 
indicate   that   the   most   important  corn   root- 
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worm  in  Indiana  and  Illinois  appears  to  be  the 
western  corn  rootworm  produced  by  the 
striped  cucumber  beetle  (Diabrotica  virgifera 
virgifera).  Of  less  importance  is  the  northern 
corn  rootworm  beetle  {Diabrotica  barberi), 
also  a  striped  beetle.  These  authors  indicate 
that  the  spotted  cucumber  beetle,  Diabrotica 
uncle cimpunctata  howardi  (larva  =  the  south- 
ern corn  rootworm),  the  species  that  is  heavily 
eaten  by  big  brown  bats  in  Indiana,  is  a  gen- 
eralist  feeder  and  is  of  little  or  no  economic 
importance  to  corn  in  Indiana.  One  might 
think  that  the  big  brown  bat  would  eat  D.  bar- 
beri and  D.  virgifera;  it  does  not,  undoubtedly 
because  both  of  these  species  are  apparently 
primarily  diurnal. 

There  are  several  questions  about  the  big 
brown  bat's  foraging  ecology  and  its  relation- 
ship with  the  spotted  cucumber  beetle  that  re- 
main unclear;  of  principal  interest  would  be 
where  the  bats  obtain  beetles  (i.e.,  very  high 
while  beetles  are  dispersing,  at  lights,  only 
over  agricultural  fields).  Lack  of  answers  to 
these  questions  makes  it  difficult  to  assess  the 
foraging  strategies,  dietary  selection,  and  eco- 
nomic impact  of  big  brown  bats,  especially 
relative  to  this  beetle  species.  However,  this 
study  suggests  at  least  two  possibilities:  1)  big 
brown  bats  regularly  fly  over  5  km  to  prefer- 
entially forage  over  agricultural  fields,  or  2) 
spotted  cucumber  beetles  are  generalist  feed- 
ers, as  suggested  by  Edwards  et  al.  (1993), 
and  are  abundant  and  successful  residents  of 
more  natural  habitats,  substantially  indepen- 
dent of  agricultural  crops.  The  latter  seems  to 
offer  the  most  parsimonious  explanation,  giv- 
en the  great  distance  to  agricultural  fields  and 
the  volume  of  spotted  cucumber  beetles  in  the 
diet  of  the  whole  colony.  However,  since  the 
completion  of  this  study,  we  have  radio- 
tagged  a  big  brown  bat  at  its  foraging  area  at 
lower  Prairie  Creek,  in  the  Wabash  bottom- 
lands in  Vigo  County,  Indiana,  and  tracked  it 
back  to  its  maternity  roost  in  a  building  in  the 
town   of  Prairie   Creek,    3.25    miles    (5    km) 


away.  While  it  would  seem  likely  that  most 
of  the  food  of  big  brown  bats  at  Crane  is  ob- 
tained near  the  colony,  it  appears  that  the  bats 
are  fully  capable  of  traveling  the  5  km  or  more 
to  open  areas  to  feed.  The  observation  that 
Crane  bats  took  1  1  taxa  that  were  not  present 
in  any  of  1  1  other  Indiana  and  Illinois  colo- 
nies suggests  a  diet  diversification  associated 
with  foraging  in  a  forest-dominated  ecosystem 
and  rebuffs  the  idea  that  many  colony  mem- 
bers regularly  travel  to  far-distant  agricultural 
fields  to  forage. 

Information  is  needed  on  big  brown  bat 
foods  in  an  area  of  the  southern  United  States 
where  the  spotted  cucumber  beetle  is  consid- 
ered an  important  agricultural  pest.  Also,  con- 
siderable information  is  needed  about  distanc- 
es routinely  traveled  between  roosting  and 
foraging  sites  by  big  brown  bats.  Such  infor- 
mation would  greatly  assist  in  defining  the  rel- 
ative importance  of  each  of  these  resources  to 
the  big  brown  bat  and  help  us  understand  why 
this  species  seems  to  be  prospering  while  most 
other  members  of  the  chiropteran  community 
are  in  decline. 
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BATS  OF  THE  WABASH  AND  OHIO  RIVER  BASINS 
OF  SOUTHWESTERN  INDIANA 

John  O.  Whitaker,  Jr.  and  Sherry  L.  Gummer:     Department  of  Life  Sciences, 
Indiana  State  University,  Terre  Haute,  Indiana  47809 

ABSTRACT.  The  purpose  of  this  project  was  to  sample  streams,  bayous,  and  swamps  of  the  Wabash 
and  Ohio  River  basins  of  southwestern  Indiana  for  bats,  particularly  for  the  five  species  considered  to  be 
rare  or  endangered  in  Indiana.  These  are  the  Indiana  myotis,  Myotis  sodalis,  gray  myotis  (M.  grisescens), 
southeastern  myotis  (M.  austroriparius),  evening  bat  (Nycticeius  humeralis),  and  big-eared  bat  (Coryno- 
rhinus  rafinesquii).  Sampling  occurred  by  mistnet  from  1992  through  1999  in  the  lower  Wabash,  White, 
and  Ohio  River  basins.  A  large  and  diverse  bat  community  was  found  along  Prairie  Creek  in  the  Wabash 
River  bottoms  in  southern  Vigo  County,  and  many  samplings  were  made  there  from  1994  through  1999. 
A  total  of  1811  bats  of  ten  of  the  12  species  previously  known  to  occur  in  Indiana  was  taken  in  249 
nettings  (most  often  a  9  m  wide,  2.6  m  high  mistnet  run  from  dusk  to  0100  h),  176  at  Prairie  Creek,  73 
in  the  remaining  area.  These  included  the  federally  endangered  Indiana  and  gray  myotis,  Myotis  sodalis 
and  Myotis  grisescens,  and  the  state-endangered  evening  bat,  Nycticeius  humeralis.  The  evening  bat  is 
common  in  the  lower  Wabash  River  basin  from  southern  Vigo  to  Posey  County,  but  was  not  found  further 
east  along  the  Ohio  River.  Bottomland  woods  as  occurs  in  the  lower  Wabash  basin  may  have  been 
representative  of  original  evening  bat  habitat,  at  least  in  the  northern  part  of  its  range.  Nine  gray  bats, 
mostly  males,  were  taken  in  Spencer,  Perry,  Harrison,  Floyd  and  Clark  counties.  These  individuals  were 
probably  associated  with  colonies  in  Clark  County,  Indiana,  or  in  Breckenridge  County,  Kentucky.  Fifty- 
eight  Indiana  bats  were  netted  during  this  study,  but  49  of  them  were  netted  along  Prairie  Creek.  Only 
nine  were  taken  south  of  Vigo  County,  suggesting  that  few  Indiana  myotis  form  maternity  colonies  in  the 
southwestern  bottomland  of  Indiana.  No  southeastern  myotis  or  big-eared  bats  were  taken  during  this 
study,  although  one  southeastern  myotis  was  reported  from  south  of  Washington  in  Daviess  County  in 
1998,  and  a  big-eared  bat  was  seen  several  times  in  Squire  Boone  Cave  in  Harrison  County  in  1992.  We 
consider  the  big-eared  bat  to  be  of  accidental  occurrence  and  the  southeastern  myotis  to  be  nearly  extir- 
pated leaving  ten  species  as  currently  occurring  in  the  state. 

Keywords:     Bats,  Indiana,  Wabash  River  basin,  Ohio  River  basin 


Little  information  is  available  on  the  bats 
living  in  the  bayous,  swamps  and  lower  por- 
tions of  streams  near  the  Ohio  and  Wabash 
Rivers  of  southern  Indiana.  There  are  five  rare 
or  endangered  species  of  bats  in  Indiana.  They 
are  the  Indiana  and  gray  myotis  Myotis  sodalis 
Miller  &  Allen  1928  and  M.  grisescens  How- 
ell 1909  (federally  endangered),  the  evening 
bat  Nycticeius  humeralis  (Rafinesque  1818) 
(state  endangered),  and  the  southeastern  my- 
otis and  big-eared  bat  Myotis  austroriparius 
(Rhoads  1897)  and  Corynorhinus  rafinesquii 
(Lesson  1818).  Any  of  the  five  could  occur  in 
the  area  mentioned  above.  No  maternity  col- 
onies were  known  from  Indiana  for  the  south- 
eastern myotis  nor  for  the  big-eared  bat.  Only 
one  colony  was  known  for  the  gray  myotis 
and  one  for  the  evening  bat  at  the  outset  of 
this  study,  and  few  were  known  for  the  Indi- 
ana bat.  This  area  and  these  habitats  are  likely 


places  to  look  for  any  of  these  species,  espe- 
cially in  view  of  the  finding  of  gray,  Indiana 
and  southeastern  myotis  (including  evidence 
of  maternity  colonies)  along  Yellowbank  and 
Hardin  Creeks,  Breckenridge  County,  Ken- 
tucky in  1990  (Tyrell  &  Brack,  1991).  The  site 
on  Yellowbank  is  just  across  the  Ohio  River 
to  the  east  of  Rome  in  Perry  County  Indiana, 
and  Hardin  Creek  is  about  10  miles  south  of 
Rome.  Also,  a  big-eared  bat  was  reported 
from  Squire  Boone  Cave,  Harrison  County, 
Indiana,  in  1992,  and  a  southeastern  myotis 
was  reported  from  Daviess  County  in  1998. 

THE  SENSITIVE  SPECIES 

Myotis  austroriparius.  Southeastern  my- 
otis.— (probably  extirpated).  The  southeastern 
myotis  forms  maternity  colonies  in  buildings, 
caves  or  in  hollow  trees.  It  winters  in  caves 
(at  least  in  northern  latitudes).  No  maternity 
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colony  has  ever  been  found  in  the  state.  How- 
ever, individuals  were  regularly  found  in  hi- 
bernation in  caves  and  also  were  netted  at 
cave  entrances  as  swarming  individuals 
through  the  early  1970's.  However,  they  were 
in  decline  from  the  1940's  through  the  L970's. 
The  main  caves  occupied  by  this  species  in 
Indiana  have  always  been  Donnehue's  Cave 
and  the  caves  at  Spring  Mill  State  Park.  The 
last  records  in  the  state,  other  than  for  the 
1998  record  in  Daviess  County  were  by  James 
B.  Cope  who  has  a  few  records  at  Donnehue's 
Cave  through  1970.  However,  Tyrell  &  Brack 
(1991a)  captured  three  reproductive  females 
and  one  male  at  two  sites  along  tributaries  of 
Hardin's  Creek  and  one  reproductive  female 
along  Yellowbank  Creek  in  Breckinridge 
County,  Kentucky,  in  July  1990.  Also,  68  in- 
dividuals were  taken  during  mistnetting  by 
Gardner  et  al.  (1992)  from  1987-1991  at  3  of 
55  sites  in  southern  Illinois.  The  three  sites 
were  in  Alexander,  Pope  and  Pulaski  Coun- 
ties. In  1989,  the  Illinois  workers  were  suc- 
cessful in  locating  a  maternity  colony.  It  was 
in  a  hollow  but  living  tupelo  gum  (Nyssa 
aquatica),  more  than  5  miles  (8  km)  from  the 
original  capture  site.  In  addition,  William 
Hendricks  (pers.  commun.)  reported  a  preg- 
nant southeastern  myotis  from  Daviess  Coun- 
ty along  the  White  River  southwest  of  Wash- 
ington on  12  June  1998.  This  site  is  being 
further  investigated. 

Myotis  grisescens.  Gray  myotis. — (feder- 
ally endangered).  The  gray  myotis  is  the  only 
true  cave  bat  of  Indiana.  It  forms  maternity 
colonies  in  caves  and  migrates  south  to  hiber- 
nate in  other  caves.  Tuttle  (1976)  suggested 
that  probably  90%  of  the  population  of  gray 
bats  in  the  eastern  United  States  used  three 
caves  for  hibernation,  one  in  northeastern  Al- 
abama, one  in  central  Tennessee  and  one  in 
eastern  Tennessee  close  to  the  Virginia  border. 
Two  other  hibernacula  are  now  known  in  Ten- 
nessee, and  it  is  assumed  that  the  gray  myotis 
from  Indiana  hibernate  in  these  caves. 

Only  one  maternity  colony  of  this  species 
was  known  from  Indiana  at  the  outset  of  this 
study.  It  was  located  in  1982  in  a  cave-like 
quarry  at  Sellersburg,  Clark  County  (Brack  et 
al.  1984),  after  Cope  &  Richter  (1978)  had 
netted  8  individuals  about  5  miles  to  the  north 
in  Muddy  Fork  Creek.  Quarrying  had  appar- 
ently stopped  at  this  site  by  about  1900  so  the 
colony   formed   after  that  date.   It  contained 


about  400  bats  soon  after  its  discovery  and 
now  numbers  nearly  4000  bats.  The  floor  of 
the  quarry  is  completely  covered  with  deep 
water.  In  1997,  a  second  population  of  gray 
myotis  was  located  by  Scott  and  Lori  Pruitt 
(pers.  commun.).  It  is  on  the  Charlestown  mil- 
itary base  at  Charlestown  (also  in  Clark  Coun- 
ty), and  only  about  five  miles  (8  km)  from 
Sellersburg.  In  nearby  Breckenridge  County 
Kentucky,  Tyrell  &  Brack  (1991a)  obtained 
evidence  of  two  additional  nearby  maternity 
colonies  of  gray  myotis,  one  along  Yellow- 
bank  Creek  (5  individuals  taken)  and  one 
along  Hardin's  Creek  (10  individuals  taken). 

In  addition,  four  male  gray  myotis  were 
found  in  Wyandotte  Cave  on  26  July  1989. 
They  were  among  a  sample  of  23  bats  (the 
other  19  were  male  Indiana  myotis)  from  two 
clusters,  totalling  an  estimated  600  bats  near 
a  formation  called  the  Pillar  of  Constitution. 
Also,  two  male  gray  myotis  were  captured  in 
April  1991  at  Wyandotte  Cave  during  spring 
emergence,  and  one  was  found  in  hibernation 
in  Twin  Domes  Cave,  Crawford  County  in 
February  1989;  three  were  there  on  6  Febru- 
ary 1995. 

Myotis  sodalis.  Indiana  myotis. — (federally 
endangered).  The  Indiana  myotis  forms  ma- 
ternity colonies  under  the  loose  bark  of  trees 
in  the  midwest  as  far  north  as  southern  Mich- 
igan (Kurta  et  al.  1993)  and  winters  in  large 
numbers  in  a  very  few  caves.  Two  of  the  larg- 
est hibernacula  for  this  species  are  in  two 
caves  in  southern  Crawford  County,  Indiana. 
The  bats  in  these  two  caves  numbered  an  es- 
timated 91,650,  96,700,  88,175,  74,500,  and 
69,900  in  the  winters  of  1991,  1993.  1995, 
1997,  and  1999.  We  think  most  of  these  bats 
form  maternity  colonies  farther  north,  as  only 
one  individual  was  taken  during  extensive 
mistnetting  in  the  southern  Hoosier  Forest  in 
1990  (Brack  &  Tyrell  1991b),  although  the 
same  authors  (Brack  &  Tyrell  1991a)  did  find 
evidence  of  a  maternity  colony  of  Myotis  so- 
dalis along  Yellowbank  and  Hardin's  Creek 
nearby  in  Breckinridge  County.  Kentucky. 

Nycticeius  humeralis.  Evening  bat. — (state 
endangered).  The  evening  bat  forms  maternity 
colonies  in  buildings  or  in  hollow  trees.  It  is 
not  known  where  this  species  hibernates,  but 
we  suspect  it  may  be  in  hollow  trees  along 
larger  streams  to  the  south  of  Indiana.  Eleven 
maternity  colonies  of  this  species  were  known 
from  buildings  in  Indiana  30  years  ago  (Whi- 
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taker  &  Gummer  1993)  and  one  additional 
colony  was  found  in  Briley  Chapel,  near  Clay 
City,  Clay  County  in  July  1987.  All  of  these 
sites  were  roughly  along  tributaries  from  ma- 
jor rivers  (Map  1 ).  Whitaker  &  Gummer 
(1993)  checked  the  original  maternity  roosts 
and  also  mistnetted  in  the  vicinity  of  each  of 
the  1 1  original  colonies,  and  found  no  evi- 
dence that  any  of  these  colonies  was  currently 
active.  Also,  the  evening  bats  abandoned  Bri- 
ley Chapel  by  1992.  No  active  evening  bat 
colonies  were  known  in  Indiana  when  this 
study  was  initiated. 

Corynorhinus  rafinesquii.  Rafinesque's  big 
eared  bat. — (considered  as  accidental  in  Indi- 
ana). This  species  most  often  forms  maternity 
colonies  in  hollow  trees  or  buildings  and  hi- 
bernates in  caves,  especially  in  the  northern 
part  of  its  range.  However,  it  may  live  in  caves 
year  round;  and  there  are  records  of  maternity 
colonies  in  cisterns.  This  species  was  always 
rare  in  Indiana.  There  are  only  eight  existing 
specimens  (Mumford  1969),  and  there  are  re- 
cords of  only  17  individuals  from  Indiana  as 
follows:  (a)  Eight  from  the  caves  of  Spring 
Mill  State  Park,  (Lawrence  County),  the  last 
in  1907.  (b)  Three  from  two  small  caves  east 
of  Saltillo  (Washington  County),  (c)  Two  from 
Greencastle  (Putnam  County)  26  November 
1 894.  (d)  one  from  a  cave  at  Kossuth  (Wash- 
ington County),  25  October  1955.  (e)  one 
from  a  cave  near  Smedly  (Washington  Coun- 
ty), 21  December  1962,  (f)  one  from  a  culvert, 
at  Lafayette  (Tippecanoe  County),  in  the  win- 
ter of  1959.  This  is  the  northernmost  record 
of  this  species  in  the  United  States,  (g)  one 
from  Squire  Boone  Cave  (Perry  County),  seen 
several  times  in  the  summer  of  1992.  All  these 
records  could  be  of  accidental  stragglers  from 
Kentucky. 

OTHER  SPECIES 

Other  species  that  should  occur  in  the 
southern  Indiana  bottomlands  community 
(Mumford  &  Whitaker  1982)  are  the  big 
brown  bat,  Eptesicus  fuscus  (Pallisot  de  Beau- 
vois  1796),  the  little  brown  myotis,  Myotis  lu- 
cifugus  (Le  Conte  1 83 1 ),  the  northern  myotis 
Myotis  septentrionalis  (Trouessart  1897),  the 
red  bat,  Lasiurus  borealis  (Muller  1776),  the 
eastern  pipistrelle,  Pipistrellus  subflavus  (F. 
Cuvier  1832),  the  hoary  bat  Lasiurus  cinereus 
(Pallisot  de  Beauvois  1796),  and  occasionally 
during  spring  and  fall  migration,  the  silver- 


haired  bat  (Lasionycteris  noctivagans  (Le 
Conte  1831).  Leib's  bat,  Myotis  leibii  (Audu- 
bon &  Bachman  1842)  has  never  been  taken 
in  Indiana,  but  also  could  occur  since  it  has 
been  taken  in  Missouri  and  Kentucky,  and  one 
individual  (the  type  specimen)  was  collected 
in  Ohio. 

The  principal  objective  of  this  project  was 
to  search  for  populations  of  any  of  the  five 
rare  and  endangered  species  of  bats  (Myotis 
austroriparius,  M.  grisescens,  M.  sodalis, 
Nycticeius  humeralis,  or  Corynorhinus  rafi- 
nesquii) or  of  Leib's  myotis,  (Myotis  leibii), 
in  the  lower  Wabash,  White  and  Ohio  River 
basins  of  southern  Indiana.  The  second  objec- 
tive was  to  provide  information  on  the  bat 
community  composition  of  this  area. 

METHODS 

Sampling  was  by  mistnetting  over  bayous, 
swamps  and  streams  in  or  near  the  bottom- 
lands along  the  Ohio  and  Wabash  Rivers  (in- 
cluding the  lower  White  River)  in  southern 
Indiana.  Sampling  was  carried  out  from  1992 
through  1999.  Sites  were  over  water  with  can- 
opy, especially  in  or  near  areas  where  large 
hollow  or  dead  standing  trees  occurred.  Sam- 
pling at  each  site  was  from  dusk  to  2400  h  or 
0100  h.  Data  recorded  were  type  of  habitat, 
water  depth  and  permanence,  type  of  stream 
bottom,  species  and  size  of  trees,  and  whether 
there  were  hollow  trees  or  trees  with  loose 
bark  present.  For  comparison,  data  are  pre- 
sented as  number  of  bats  per  net-night  (one 
net  used  for  one  night). 

RESULTS 

During  these  studies,  a  total  of  249  nettings 
was  made  176  in  the  Prairie  Creek  area,  and 
73  in  the  remaining  17  counties  (Tables  1-3). 
The  total  number  of  bats  taken  during  the 
study  numbered  1811,  including  all  ten  spe- 
cies currently  known  to  exist  in  Indiana. 
These  included  three  of  the  five  target  species, 
the  Indiana  and  gray  myotis,  federally  endan- 
gered, and  the  evening  bat,  considered  to  be 
state  endangered.  No  southeastern  myotis  nor 
Rafinesque's  big-eared  bats  were  netted.  In  or- 
der of  decreasing  abundance,  596  evening 
bats,  315  big  brown  bats,  302  northern  myotis, 
208  red  bats,  163  little  brown  bats,  152  east- 
ern pipistrelles,  58  Indiana  myotis,  9  gray  my- 
otis, 5  hoary  bats,  and  3  silver-haired  bats 
were   netted.   The  evening  bat  predominated 
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Figure  1. — Map  showing  location  of  maternity  colony  of  the  gray  bat.  Myotis  grisescens  (A)  and  earlier 
locations  of  maternity  colonies  of  the  evening  bat,  Nycticeius  humeralis  (•)  in  Indiana. 
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Map  2. 


Figure  2. — Map  showing  netting  localities  for  Wabash/Ohio  basin  study,  1992-1999.  Large  circles  (•) 
represent  more  than  one  netting  site,  Prairie  Creek  in  Vigo  County,  Hovey  Lake  in  Posey  County  and  the 
Oxbow  area  of  Dearborn  County. 


(558)  because  of  the  great  amount  of  netting 
at  Prairie  Creek  in  Vigo  County  where  it  was 
the  most  abundant  bat  species. 

A  map  showing  the  general  location  of  all 
the  sites  netted  is  given  (Fig.  2,  Map  2)  and 
also  a  separate  map  is  given  showing  the  gen- 
eral locations  where  each  of  the  species  of 
bats  was  caught  (Figs  3,  4,  Maps  3-12).  Spe- 
cific information  for  each  netting  site  along 
with  a  map  pinpointing  the  site  is  given  in  an 
appendix  to  a  report  of  this  work  to  the  In- 
diana Department  of  Natural  Resources.  Cop- 
ies of  this  appendix  can  be  obtained  from 
IDNR  or  from  the  author. 

BAT  COMMUNITIES 

Although  most  of  the  counties  sampled  dur- 
ing this  study  were  along  the  Wabash  or  Ohio 
Rivers,  it  seemed  desirable  to  include  data 
from  Pike,  Daviess  and  Greene  Counties  on 
the  lower  White  and  Patoka  Rivers  in  the  Wa- 
bash lowlands.  Posey  County  is  bounded  on 
the  west  by  the  Wabash  River,  and  on  the 
south  by  the  Ohio  River,  but  because  of  its 
biological  affinities  it  was  considered  with  the 
Wabash  rather  than  with  the  Ohio  basin  (Ta- 
bles 1-2).  Since  there  was  a  great  amount  of 
information  from  the  Prairie  Creek  area,  and 
since  there  were  important  differences  be- 
tween the  lower  Wabash  and  the  Ohio  River 
basins,  data  from  these  three  areas  were  con- 
sidered separately. 

Collectively,  the  Prairie  Creek  area  had  the 


greatest  concentration  of  bats,  with  a  total  of 
1439  captures  of  all  bat  species  combined,  for 
a  rate  of  8.18  per  net-night.  In  the  lower  Wa- 
bash basin,  the  rate  was  5.78  per  net-night  and 
in  the  Ohio  basin,  4.43  per  net-night.  Both  the 
Prairie  Creek  and  the  Wabash  basin  bat  com- 
munity contained  all  species  except  the  gray 
bat.  However,  the  gray  bat  is  rare  in  Indiana, 
with  only  one  or  two  colonies  being  known  in 
the  state  (one  at  Sellersburg  and  one  at 
Charlestown)  in  Clark  County  in  southeastern 
Indiana.  These  two  areas  are  about  5  miles  (8 
km)  apart  and  bats  move  between  them,  there- 
fore it  is  not  clear  whether  one  or  two  colonies 
are  actually  involved.  The  Ohio  Basin  bat 
community  contained  all  species  except  the 
evening  bat. 

Wabash  River  bottomlands. — Including 
Prairie  Creek,  all  nine  of  the  species  of  bats 
that  one  would  expect  in  this  part  of  the  state 
were  taken  in  the  lower  Wabash  lowlands.  Of 
the  ten  species  which  currently  occur  in  the 
state,  only  the  gray  bat  was  missing,  and  it 
occurs  only  in  southeastern  Indiana  and  in 
nearby  Kentucky.  The  bats  of  the  lower  Wa- 
bash basin  in  order  of  decreasing  occurrence 
were  (Tables  1,  2)  Myotis  septentrionalis 
(1.08),  Nycticeius  humeralis  (1.06),  Myotis  lu- 
cifugus  (1.00),  Lasiurus  borealis  (0.89),  Ep- 
tesicus  fuscus  (0.83),  Pipistrellus  subflavus 
(0.58),  Myotis  sodalis  (0.25)  and  Lasiurus  ci- 
nereus  (0.08).  Although  M.  septentrionalis 
was  taken  in  the  greatest  number  in  the  lower 
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Map  3.  Myotis  grisescens 


Map  4.  Myotis  lucifugus 


Map  5.  Myotis  septentrionalis 


Map  6.  Myotis  sodalis 


Map  7.  Lasionycteris  noctivagans 


Map  8.  Pipistrellus  subflavus 


Figure  3. — Localities  where  various  species  of  bats  were  netted  during  Wabash/Ohio  basin  studies. 
(Map  3)  Myotis  grisescens  (stars  indicate  maternity  colony  sites);  (Map  4)  Myotis  lucifugus:  (Map  5) 
Myotis  septentrionalis;  (Map  6)  Myotis  sodalis. 
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Map  9.  Nycticeius  humeralis 
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Map  10.  Eptesicus  fuscus 
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Map  11.  Lasiurus  borealis 


Map  12.  Lasiurus  cinereus 


Figure  4. — Localities  where  various  species  of  bats  were  netted  during  Wabash/Ohio  basin  studies 
(continued).  (Map  7)  Lasionycteris  noctivagans',  (Map  8)  Pipistrellus  subflavus',  (Map  9)  Nycticeius  hu- 
meralis; (Map  10)  Eptesicus  fuscus;  (Map  11)  Lasiurus  borealis;  and  (Map  12)  Lasiurus  cinereus. 


Wabash  basin  (39  individuals,  1.08  per  net 
night),  only  one  less  evening  bat  was  taken. 
Myotis  septentrionalis  is  a  common  species  of 
the  bottoms  being  the  third  most  abundant 
species  at  Prairie  Creek,  and  the  fourth  most 
abundant  in  the  Ohio  basin. 

Myotis  lucifugus,  M.  septentrionalis,  Eptes- 
icus fuscus  and  Lasiurus  borealis  were  each 
captured  in  all  but  one  of  the  seven  counties 
in  the  Wabash  basin,  and  Pipistrellus  subfla- 
vus was  captured  in  all  but  two.  Thus  these 
species,  as  would  be  expected,  seem  to  be 
common  and  well  distributed  throughout  the 
Wabash  basin. 

Ohio  River  basin. — Thirty-seven  nights  of 
netting  were  carried  out  and  164  bats  of  7  spe- 
cies were  captured  in  9  counties  in  the  Ohio 
River  basin  (Tables  1,  2).  Lasiurus  borealis 
was  the  most  abundant  (1.22  per  net  night), 


followed  by  Pipistrellus  subflavus  (1.05),  Ep- 
tesicus fuscus  (0.84),  Myotis  septentrionalis 
(0.70),  Myotis  lucifugus  (0.35),  M.  grisescens 
(0.24)  and  L.  cinereus,  with  only  one  being 
netted  (0.03).  No  Indiana  myotis,  silver-haired 
bats  or  evening  bats  were  taken  in  the  Ohio 
basin.  Apparently  Indiana  myotis  are  increas- 
ingly uncommon  in  southern  Indiana,  but,  it 
seemed  surprising  that  we  did  not  net  any,  es- 
pecially since  six  were  taken  in  Posey  County. 
Silver-haired  bats  probably  would  have  been 
taken  if  spring  or  fall  sampling  had  occurred. 
No  evening  bats  were  taken  in  the  Ohio  basin, 
except  in  southern  Posey  County.  Most  of  the 
earlier  records  of  evening  bats  in  Indiana  were 
also  up  the  Wabash  and  White  River  rather 
than  in  the  Ohio  valley  (Whitaker  &  Gummer 
1993).  Even  two  earlier  colonies  in  Washing- 
ton and  Clark  Counties  of  southeastern  Indi- 
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Table  2. — Bats  of  Prairie  Creek,  the  Wabash  basin  south  of  Vigo  County,  and  the  Ohio  Basin  of 
southwestern  Indiana.  Posey  County  was  included  in  the  Wabash,  not  the  Ohio  basin.  The  number  of  bats 
and  number  of  nettings  with  bats  are  given  first,  followed  by  the  number  of  bats  per  netting  and  the 
percentages  of  nettings  with  bats  (in  parentheses). 


Prairie  Creek 

Wabash  Basin 

Ohio  Basin 

Total 

Number  of  nettings 

176 

36 

37 

249 

No.  coll. 

No.  coll. 

No.  coll. 

Species 

No.  bats 

with  bats 

No.  bats 

with  bats 

No.  bats 

with  bats 

Nycticeius  humeralis 

558 

113 

38 

6 

0 

0 

596 

(3.17) 

(64.2) 

(1.06) 

(16.7) 

(2.39) 

Eptesicus  fuscus 

254 

94 

30 

10 

31 

8 

315 

(1.44) 

(53.4) 

(0.83) 

(27.8) 

(0.84) 

(21.6) 

(1.27) 

My otis  sep ten trionalis 

237 

94 

39 

13 

26 

7 

302 

(1.35) 

(53.4) 

(1.08) 

(36.1) 

(0.7) 

(18.9) 

(1.21) 

Lasiurus  borealis 

131 

64 

32 

13 

45 

14 

208 

(0.74) 

(36.4) 

0.89 

(36.1) 

(1.22) 

(37.8) 

(0.84) 

Myotis  lucifugus 

114 

56 

36 

9 

13 

6 

163 

(0.65) 

(31.8) 

(1.0) 

(25) 

(0.35) 

(16.2) 

(0.66) 

Pipistrellus  subflavus 

92 

62 

21 

10 

39 

14 

152 

(0.52) 

(35.2) 

(0.58) 

(27.8) 

(1.05) 

37.8 

(0.61) 

Myotis  sodalis 

49 

34 

9 

5 

0 

0 

58 

(0.28) 

(19.3) 

(0.25) 

(13.9) 

(0.23) 

Lasionycteris  noctivagans 

3 
(0.02) 

3 

(1-7) 

0 

0 

0 

0 

3 
(0.01) 

Lasiurus  cinereus 

1 

1 

3 

2 

1 

1 

5 

(0.006) 

(0.6) 

(0.08) 

5.6 

(0.03) 

2.7 

(0.02) 

Myotis  grisescens 

0 

0 

0 

0 

9 
(0.24) 

6 
16.2 

9 
(0.04) 

Total 

1439 

208 

164 

1811 

(8.18) 

(5.78) 

(4.43) 

(7.27) 

ana  could  have  been  from  a  Wabash/White 
River  origin,  rather  than  from  an  Ohio  River 
origin. 

Nine  gray  myotis  were  taken  in  four  coun- 
ties in  the  Ohio  River  basin,  whereas  no  gray 
myotis  were  taken  in  the  Wabash  River  basin. 
This  is  logical  as  the  only  gray  myotis  colo- 
nies known  in  Indiana  are  in  Clark  County, 


although  there  appear  to  be  two  in  adjacent 
Breckenridge  County  (Kentucky),  one  just 
east  across  the  Ohio  River  from  Rome  (Perry 
County),  along  Yellowbank  Creek,  and  one 
about  10  miles  (16  km)  southeast  of  Rome 
along  Hardin's  Creek. 

Eastern    pipistrelles    reached   their   highest 
levels  in  the  Ohio  River  basin  (1.05  per  net- 


Table  3.— Bats  netted  at  Prairie  Creek,  1994  through  1999. 


Nycti- 

Lasionyc- 

ceius 

Myotis 

Pipistrel- 

teris 

hunter 

Lasiurus 

septen- 

Eptesicus      lus 

Myotis 

Myotis 

noctiva- 

Lasiurus 

Date 

a  lis 

borealis 

trional  is 

fuscus 

subflavus 

sodalis 

lucifugus 

gans 

cinereus 

Total 

1994 

50 

23 

23 

63 

6 

12 

2 

2 

0 

181 

1995 

97 

19 

39 

38 

13 

7 

18 

1 

0 

232 

1996 

36 

5 

12 

26 

4 

0 

16 

0 

0 

99 

1997 

115 

30 

96 

63 

33 

20 

22 

0 

0 

379 

1998 

59 

12 

21 

18 

9 

5 

5 

0 

1 

130 

1999 

201 

42 

46 

46 

27 

5 

51 

0 

0 

418 

Total 

558 

131 

237 

254 

92 

49 

114 

3 

1 

1439 
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night),  as  opposed  to  0.58  and  0.52  in  the  low- 
er Wabash  River  basin  and  Prairie  Creek  ar- 
eas. Again,  this  may  be  a  reflection  of  the 
southern  affinities  of  this  species.  The  north- 
ern and  little  brown  myotis  occurred  at  their 
lowest  rates  per  net-night  in  the  Ohio  River 
basin  (0.7  and  0.35)  as  compared  to  1.08  and 
1.35  for  the  northern  myotis  in  the  lower  Wa- 
bash basin  and  1.0  and  0.65  for  the  little 
brown  myotis.  Big  brown  bats  occurred  at  a 
rate  of  0.84  making  it  the  third  most  abundant 
bat  by  number  per  net-night.  Many  of  the  big 
brown  bats  originated  in  Dearborn  and  Van- 
derburgh Counties  near  the  cities  of  Law- 
renceburg  and  Evansville,  respectively. 

Prairie  Creek  bat  community. — On  25 
July  1994,  a  site  was  sampled  on  lower  Prairie 
Creek  in  Vigo  County  and  1 5  bats  of  six  spe- 
cies were  captured.  Included  were  one  Indiana 
myotis  (federally  endangered)  and  six  evening 
bats  (state  endangered).  This  community  was 
located  in  about  650  h  of  contiguous  bottom- 
lands forest.  From  the  first  netting,  it  was  ob- 
vious that  this  site  contained  an  abundant  and 
biologically  diverse  bat  community  and  de- 
served intensive  study.  Consequently,  weekly 
samplings  of  the  area  were  initiated  in  1994 
and  are  still  occurring.  From  1994  through 
1999,  we  made  176  mist-nettings  at  Prairie 
Creek.  Except  for  one  red  bat  taken  at  Clear 
Creek,  all  the  bats  from  Vigo  County  were 
netted  in  the  Prairie  Creek  area  (Tables  1—3). 
The  Prairie  Creek  data  will  be  briefly  sum- 
marized, but  was  presented  more  completely 
elsewhere  (Whitaker  1997). 

The  most  abundant  bat  in  the  Prairie  Creek 
area  was  the  Evening  bat,  Nycticeius  humer- 
alis  (558  individuals  taken,  3.17  per  net- 
night),  followed  in  order  of  decreasing  abun- 
dance by  the  big  brown  bat,  Eptesicus  fuscus 
(254,  1 .44),  the  northern  myotis,  Myotis  sep- 
tentrionalis  (237,  1.35),  the  red  bat,  Lasiurus 
borealis  (131,  0.74),  the  little  brown  myotis, 
Myotis  lucifugus  (114,  0.65),  the  eastern  pip- 
istrelle,  Pipistrellus  subflavus  (92,  0.52),  the 
Indiana  myotis,  Myotis  sodalis  (49,  0.28),  the 
silver-haired  bat,  Lasionycteris  noctivagans 
(3,  0.02)  and  the  hoary  bat,  Lasiurus  ciner- 
eus(\,  0.006).  Nycticeius  humeralis,  and  also 
Eptesicus  fuscus,  and  Myotis  septentrionalis 
were  taken  at  greater  rates  at  Prairie  Creek 
than  in  the  lower  Ohio  or  lower  Wabash  basin. 


THE  BAT  SPECIES 

Gray  myotis,  Myotis  grisescens. — Gray 
myotis  were  limited  to  the  Ohio  River  Basin 
during  this  study  in  6  of  37  (16.2%)  net  sites 
(0.24  per  net-night)  (Tables  1,  2;  Map  3).  This 
would  be  expected,  as  the  only  roost  or  roosts 
of  this  species  known  in  the  state  are  in  Clark 
County,  although  there  are  apparently  two 
roosts  in  nearby  Breckenridge  County,  Ken- 
tucky. Gray  myotis  presumably  hibernate  in 
Tennessee  and  Alabama,  although  we  have 
seen  a  few  individuals  among  the  hibernating 
masses  of  Indiana  myotis  in  Crawford  and 
Harrison  Counties  in  Indiana.  Gray  myotis 
will  fly  great  distances  to  feed,  and  we  have 
taken  three  gray  bats  in  Harrison,  three  in 
Spencer  and  one  each  in  Perry,  Floyd  and 
Clark  Counties.  It  is  possible  that  they  origi- 
nated in  Clark  County.  However,  some  of 
these  bats  are  far  from  Clark  County.  The  gray 
myotis  in  southern  Spencer  County  was  a  ju- 
venile female,  and  probably  came  from  Ken- 
tucky, whereas  the  three  in  northern  Spencer 
County,  the  one  in  Perry  County,  and  the  three 
in  Harrison  County  were  all  males,  and  could 
have  originated  in  Clark  County  or  in  Ken- 
tucky. The  gray  myotis  from  Floyd  County,  a 
male  juvenile,  and  the  one  from  Clark  County, 
an  adult  female,  were  probably  directly  from 
the  Clark  County  sites. 

It  is  not  known  where  gray  myotis  from  In- 
diana spend  the  winter.  Presumably  all  gray 
myotis  in  the  east  hibernate  in  five  caves  in 
Alabama  and  Tennessee.  On  8  April  1999. 
Whitaker  and  L.  Pruitt  entered  the  Sellersburg 
Quarry  assuming  that  the  gray  myotis  would 
not  have  returned  from  their  hibernacula. 
However,  at  least  200  gray  myotis  were  in  one 
cluster  inside  the  quarry  on  that  date.  The  bats 
were  located  by  hearing  their  calls  from  some 
distance  away.  They  were  fully  awake  and 
within  two  minutes  of  the  time  we  first  shined 
a  light  on  them,  all  had  moved  away  from  that 
area.  Dusk  counts  made  at  intervals  during 
that  summer  indicated  that  the  colony  in  mid- 
summer included  somewhat  less  than  2000  in- 
dividuals. However,  we  were  again  surprised 
that,  on  1  1  November,  gray  myotis  were  still 
present.  We  counted  54  exiting  from  the  quar- 
ry between  1800-1830  h  that  night  (temper- 
ature about  15°  C),  and  wondered  if  gray  my- 
otis might  hibernate  there  since  it  was  so  late 
in  the  season,  and  since  Tuttle  ( 1976)  had  stat- 
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ed  that  the  summer  season  for  this  species  ex- 
tended from  late  April  through  late  August. 
However,  we  explored  the  quarry  on  8  March 
2000  and  found  no  bats  hibernating  there. 
Several  male  gray  myotis  were  netted  in 
streams  along  the  Ohio  River  (Map  3),  where- 
as females  and  juveniles  were  taken  near  Sell- 
ersburg.  Perhaps  the  males  spread  out  and 
summer  in  the  lower  part  of  the  migratory 
path,  rather  than  competing  for  food  with  the 
young  and  females.  Continued  increase  in 
numbers  at  Sellersburg,  the  occurrence  of 
males  in  tributaries  along  the  Ohio  River,  per- 
haps on  migratory  routes,  and  the  individuals 
found  in  hibernation  in  caves  suggest  that  this 
species  is  doing  rather  well  in  summer,  and 
perhaps  could  be  initiating  hibernation  in  In- 
diana. 

Little  brown  myotis,  Myotis  lucifugus. — 
Myotis  lucifugus  was  netted  in  56  (31.8%)  of 
the  Prairie  Creek  nettings),  at  9  of  36  (25%) 
sites  in  the  lower  Wabash  basin  and  at  6  of 
the  13  (16.2%)  of  the  sites  in  the  Ohio  River 
basin  (Tables  1-3;  Map  4).  It  was  the  fifth 
most  abundant  species  at  Prairie  Creek  (0.65 
per  net-night),  but  did  not  produce  young 
there.  It  was  taken  in  lower  numbers  in  the 
Ohio  basin  (0.35),  but  was  fifth  in  abundance 
there  also.  It  was  taken  in  higher  numbers  in 
the  lower  Wabash  basin  (1.00,  fifth  in  abun- 
dance). Although  not  shown  by  these  data,  we 
generally  consider  this  species  to  be  the  third 
most  abundant  species  of  bat  in  the  state  after 
the  red  and  big  brown  bats,  although  we  sus- 
pect it  may  be  declining  both  in  absolute  num- 
bers and  in  relation  to  big  brown  bats.  If  such 
a  decline  is  real,  it  may  be  due  to  adverse 
competition  with  big  brown  bats  for  suitable 
roosting  sites  in  buildings.  However,  its  rela- 
tive low  abundance  in  this  study  is  probably 
related  to  lack  of  human  habitations  in  the 
bottoms,  as  this  species  almost  always  forms 
maternity  roosts  in  buildings.  Many  of  the  lit- 
tle brown  myotis  were  netted  during  migration 
or  late  in  the  season  after  the  young  were  vo- 
lant. 

Northern  myotis,  Myotis  septentriona- 
lais. — Myotis  septentrionalis  (Tables  1-3, 
Map  5)  was  the  third  most  abundant  species 
at  Prairie  Creek  (1.35  per  net-night),  the  most 
abundant  species  in  the  lower  Wabash  River 
basin  (1.08),  and  the  fourth  most  abundant 
species  in  the  Ohio  River  basin  (0.70).  It  was 
taken  in  13  of  the  36  (36.1%)  sites  in  the  low- 


er Wabash  and  7  of  the  37  (18.9%)  sites  in 
the  lower  Ohio  basin.  It  apparently  forms  ma- 
ternity colonies  at  Prairie  Creek,  although  lit- 
tle radio-tracking  of  this  species  has  been 
done  there  to  date.  We  consider  this  to  be 
about  the  fourth  most  abundant  species  of  bat 
in  Indiana.  It  is  a  woodland  species,  thus  the 
results  in  this  study  are  not  surprising.  Al- 
though it  is  a  common  species  and  hibernates 
in  caves,  it  was  seen  in  small  numbers  in 
caves,  because  it  hibernates  in  small  cracks 
and  crevices  in  caves  and  mines  (Whitaker  & 
Rissler  1992). 

Indiana  bat,  Myotis  sodalis. — There  were 
58  captures  of  Indiana  myotis  during  this 
study,  49  in  the  Prairie  Creek  area  of  Vigo 
County,  one  in  Sullivan  County,  two  in  Gib- 
son County  and  six  of  them  in  Posey  County 
(Tables  1,  2,  Map  6).  Indiana  myotis  were  tak- 
en at  similar  rates  at  Prairie  Creek  (0.28  per 
net-night)  and  in  the  Wabash  River  basin 
(0.25),  but  none  were  taken  in  the  Ohio  River 
basin,  probably  indicating  its  greater  abun- 
dance during  summer  in  northern,  rather  than 
in  southern  Indiana. 

Two  Indiana  myotis,  both  lactating  females, 
were  netted  in  Gibson  County  on  10  June 
1993.  They  were  taken  along  a  ditch  near  the 
Patoka  River  just  west  of  the  Sugar  Creek 
State  Fish  and  Wildlife  Area  and  of  the  newly 
developed  Patoka  National  Wildlife  Refuge. 
No  other  Indiana  myotis  were  taken  that  night. 
These  two  bats  probably  indicated  the  pres- 
ence of  a  maternity  colony  of  this  species  near 
the  capture  site. 

The  Indiana  myotis  was  the  seventh  most 
abundant  species  at  Prairie  Creek.  There  was 
no  evidence  of  a  maternity  colony  of  this  spe- 
cies earlier;  but  in  1997,  19  Indiana  myotis 
were  taken,  seven  of  them  pregnant  or  lactat- 
ing females.  It  appeared  that  a  maternity  col- 
ony had  been  established  in  or  near  the  study 
area  in  1997,  but  unfortunately  none  were  ra- 
dio-tracked there.  Unfortunately,  in  September 
1997  the  entire  4.0  km  north/south  section  of 
the  study  area  was  bulldozed.  All  trees  were 
removed  in  a  30  m  wide  swath  extending 
westward  from  the  eastern  bank  of  Prairie 
Creek,  and  the  southern  half  km  of  the  stream 
was  channeled  as  well.  The  trees  were  stacked 
up  at  the  western  edge  of  the  swath.  This  was 
a  major  US  waterways  violation.  The  Army 
corps  of  engineers  issued  a  cease  work  order, 
and  all  work  was  stopped.  However,  all  four 
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of  our  main  study  sites  on  the  north/south  por- 
tion of  the  stream  had  been  destroyed,  but  the 
east/west  section  of  Prairie  Creek  was  little 
affected.  In  1998,  logging  commenced  in 
summer  which  further  damaged  the  site.  There 
was  no  evidence  of  a  maternity  colony  in 
1998  or  1999,  although  we  were  unable  to  de- 
termine if  this  resulted  from  the  violation. 

Silver-haired  bat,  Lasionycteris  noctiva- 
gans. — Lasionycteris  noctivagans  was  taken 
at  Prairie  Creek  (Tables  1-3,  Map  7)  but  not 
elsewhere  undoubtedly  because  it  is  a  spring 
and  fall  migrant.  This  species  does  not  occur 
in  Indiana  during  summer,  but  migrates 
through  the  state  in  spring  and  fall.  Prairie 
Creek  was  netted  in  spring  and  fall,  the  other 
areas  mainly  in  summer.  It  is  surprising  that 
more  silver-haired  bats  were  not  netted  at 
Prairie  Creek. 

Eastern  pipistrelle,  Pipistrellus  subfla- 
vus. — The  Eastern  pipistrelle  was  the  sixth 
most  abundant  species  at  Prairie  Creek  (0.52), 
and  was  taken  at  a  similar  rate  in  the  lower 
Wabash  River  basin  (0.58),  but  at  a  higher  rate 
in  the  Ohio  River  basin  (1.05).  It  was  netted 
at  10  (27.8%)  of  the  sites  in  the  lower  Wabash 
River  basin,  and  in  14  (37.8%)  of  the  sites  in 
the  Ohio  River  basin  (Tables  1-3,  Map  8).  The 
eastern  pipistrelle  is  a  southern  species  pretty 
much  reaching  its  northern  limits  in  Indiana, 
which  probably  explains  its  greater  abundance 
in  the  Ohio  River  basin.  We  expected  to  find 
pipistrelles  in  tree  hollows,  since  pipistrelles 
will  roost  in  buildings  (Whitaker  1998).  How- 
ever, radios  attached  to  pipistrelles  in  late 
1997  through  1999  by  Jacques  Veilleux  (un- 
publ.  data)  enabled  him  to  locate  21  roosts.  To 
our  surprise,  the  pipistrelles,  without  excep- 
tion, were  roosting  in  clumps  of  leaves  (one 
in  a  squirrel  nest),  rather  than  in  hollows  in 
trees.  Most  clumps  were  of  brown  dead 
leaves,  but  two  were  in  green  leaves.  Pups 
were  seen  in  some  of  the  clusters. 

Evening  bats,  Nycticeius  humeralis. — The 
evening  bat  is  listed  as  endangered  in  Indiana. 
At  the  outset  of  this  study,  no  active  evening 
bat  maternity  colonies  were  known  to  remain 
in  the  state.  Thirteen  colonies  had  been  pre- 
viously known  from  buildings  in  Indiana 
(Whitaker  &  Gummer  1993;  Clem  1992;  Whi- 
taker &  Clem  1992),  but  all  were  now  inac- 
tive. It  had  appeared  that  this  was  a  species 
that  formed  maternity  colonies  in  buildings  in 
Indiana.  However,  a  total  of  596  of  the  1811 


bats  netted  (33.0%)  during  this  study  were 
evening  bats  (Tables  1-3,  Map  9).  Most  of 
them,  558  individuals,  were  taken  in  the  Prai- 
rie Creek  study  area  of  Vigo  County,  amount- 
ing to  38.7%  of  the  1439  bats  taken  there. 
Besides  those  taken  in  Vigo  County,  38  of  the 
372  bats  netted  in  other  counties  (10.2%)  were 
evening  bats.  Nine  of  the  other  38  evening 
bats  taken  to  date  during  this  study  were  from 
Sullivan  County  and  29  were  from  Posey 
County.  Two  from  Sullivan  County  were  fe- 
males from  Busseron  Creek,  thus  there  is 
probably  a  maternity  colony  near  there.  The 
other  seven  were  from  just  south  of  the  Sul- 
livan County  line,  therefore  were  undoubtedly 
from  the  Prairie  Creek  population.  In  Posey 
County,  males  were  taken  near  Cypress 
Slough  near  Goose  Pond,  at  Hovey  Lake  and 
at  Slim  Pond.  Six  of  the  12  Posey  County  sites 
yielded  a  total  of  29  evening  bats.  At  one  site 
an  evening  bat  was  radio-tagged  and  tracked 
to  a  silver  maple  tree  across  the  Wabash  River 
to  the  south  in  Illinois.  Another  site  where 
evening  bats  were  netted  was  west  of  the  Wa- 
bash River  on  the  southern  edge  of  Great- 
house  Island  in  an  old  bed  of  the  Wabash  Riv- 
er. It  was  on  the  Indiana/Illinois  state  line. 
Eighteen  evening  bats  were  netted  there  on  17 
July  1996,  including  at  least  13  females  in- 
dicating that  the  maternity  colony  was  very 
close  to  this  site.  It  is  clear  that  the  evening 
bat  is  relatively  common  in  the  floodplain  of 
the  lower  Wabash  River  in  southwestern  In- 
diana. We  suspect  that  this  species  occurs 
commonly  in  the  extensive  bottomland  woods 
in  Gibson  County,  but  this  area  has  not  been 
adequately  netted. 

Several  evening  bats  were  radio-tracked  in 
late  summer,  1994  at  Prairie  Creek  (T10N 
R10W,  Section  13,  Hutton  Quadrangle),  but 
none  of  the  radioed  bats  roosted  in  buildings. 
Two  were  tracked  to  four  separate  hollow  sil- 
ver maple  trees  in  the  large  bottomlands 
woods  (Whitaker  1997).  On  \1  June  1995,  a 
transmitter  was  placed  on  an  adult  female 
evening  bat  and  she  was  tracked  to  a  silver 
maple  tree.  That  night  at  least  350  bats 
emerged  from  what  appeared  to  be  a  pileated 
woodpecker  hole  about  12  m  up  in  that  tree. 
More  recently,  Sherry  Belaud  has  tracked 
many  more  evening  bats  to  a  number  of  trees 
in  these  same  woods. 

It  is  not  known  where  evening  bats  hiber- 
nate. We  have  surmised  that  it  could  be  in 
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hollow  trees  near  larger  rivers  to  the  south  of 
Indiana  or  at  least  far  enough  south  so  that  the 
temperature  inside  of  the  trees  does  not  fall 
below  freezing.  All  of  the  adult  evening  bats 
taken  at  Prairie  Creek  in  1999  (n  =  145)  and 
2000  (n  =  107)  were  females  (total  =  252), 
whereas  twelve  of  28  (42.9%)  of  the  adult 
evening  bats  from  Posey  County  were  males. 
Males  are  seldom  associated  with  maternity 
colonies  at  least  in  numbers.  Why  then,  did 
we  get  so  many  males  in  Posey  County? 
Might  the  males  remain  to  the  south  of  the 
female  range  during  the  maternity  season, 
then  both  sexes  migrate  south  together?  Or 
perhaps  southern  Indiana  is  the  northern  edge 
of  the  hibernating  range,  and  the  males  stay 
there  all  year.  Additional  data  are  needed  on 
sex,  age  and  temporal  distribution  of  evening 
bats  in  Posey  counties  to  determine  if  the 
northern  edge  of  the  hibernating  range  for  this 
species  might  be  in  southwestern  Indiana. 

Big  brown  bat,  Eptesicus  fuscus. — We 
consider  the  big  brown  bat  to  be  the  most 
abundant  bat  in  the  state.  We  think  it  has  at- 
tained its  abundance  because  of  its  ability  to 
use  the  structures  built  by  humans  as  their  pri- 
mary roost  sites  both  for  maternity  colonies 
and  for  hibernation.  The  big  brown  bat  (Tables 
1-3,  Map  10),  was  the  second  most  abundant 
species  (1.44  individuals  per  net  night)  at 
Prairie  Creek,  the  fifth  most  abundant  in  the 
lower  Wabash  Riverbasin  (0.83),  and  the  third 
most  abundant  in  the  Ohio  River  basin  (0.84). 
Big  brown  bats  were  found  at  10  of  the  36 
(27.8%)  sites  in  the  lower  River  Wabash  basin 
and  at  8  of  the  37  sites  (21.6%)  in  the  Ohio 
River  basin.  We  were  somewhat  surprised  that 
it  was  this  abundant  at  Prairie  Creek,  since 
they  roost  almost  entirely  in  buildings  in  In- 
diana, and  there  are  very  few  buildings  in  the 
bottoms,  and  few  within  a  mile  of  the  study 
site.  Interestingly,  big  brown  bats  were  not 
found  at  Prairie  Creek  during  the  maternity 
season  at  least  during  the  early  years  of  the 
study.  However,  they  appeared  there  from  Au- 
gust—October, after  the  young  became  volant. 
Two  were  radio-tracked  to  a  dead  cottonwood 
tree  in  the  main  portion  of  the  woods  just  east 
of  Prairie  Creek.  Totals  of  15  and  16  big 
brown  bats  were  observed  to  emerge  from  a 
crack  in  this  tree  about  12  m  above  the  ground 
on  2  and  12  October,  respectively,  1995.  Since 
this  was  after  the  maternity  season,  we  re- 
ferred to  this  tree  as  a  post-maternity  roost.  It 


may  have  served  the  bats  as  a  roost  close  to 
foraging  grounds  in  late  summer  and  fall.  Big 
brown  bats  were  also  present  in  that  or  nearby 
trees  in  late  1996  and  1997. 

Red  bat,  Lasiurus  borealis. — We  consider 
the  red  bat  to  be  the  second  most  abundant 
bat  in  Indiana,  followed  by  the  little  brown 
my otis.  It  was  the  most  abundant  bat  in  the 
Ohio  River  basin  (1.22  per  net  night),  but 
second  at  Prairie  Creek  (1.44  per  net-night), 
and  fourth  (0.89)  in  the  Wabash  River  basin 
(Tables  1-3,  Map  11).  It  occurred  at  13  of 
the  36  (36.1%)  sites  in  the  Wabash  River  ba- 
sin and  at  14  of  the  37  (37.8%)  sites  in  the 
Ohio  River  basin.  Perhaps  the  red  bat  is  less 
abundant  at  Prairie  Creek  because  that  spe- 
cies is  more  associated  with  upland  or  oak- 
hickory  forest,  whereas  most  of  the  trees  at 
Prairie  Creek  are  silver  maples  and  syca- 
mores, although  much  sycamore  and  silver 
maple  occurred  in  the  Ohio  and  Wabash  Riv- 
er basins  as  well. 

Hoary  bat,  Lasiurus  cinereus. — Hoary 
bats  produce  young  in  Indiana,  but  the  species 
is  relatively  rare  here,  and  only  five  individ- 
uals were  taken  during  this  study,  one  at  Prai- 
rie Creek,  three  in  the  lower  Wabash  Basin 
and  one  in  the  Ohio  basin  (Tables  1-3,  Map 
12). 

DISCUSSION 

Three  of  the  bat  species  targeted  in  this 
study  were  found  in  southwestern  Indiana,  the 
gray  myotis,  the  Indiana  myotis  and  the  even- 
ing bat.  Rafinesque's  big  eared  bat  and  the 
southeastern  myotis  were  not  captured.  We 
consider  the  big-eared  bat  to  be  of  accidental 
occurrence  in  the  state  and  the  southeastern 
myotis  to  be  nearly  extirpated.  Leib's  myotis 
was  watched  for,  but  was  not  found  during 
this  study,  and  has  never  been  taken  in  the 
state. 

Neither  Myotis  austroriparius  nor  Coryno- 
rhinus  rafinesquii  was  taken  during  this  study, 
although  there  was  one  report  of  each  of  these 
species  as  the  study  was  occurring,  M.  austro- 
riparous  in  1998  along  the  White  River  just 
southwest  of  Washington  (Daviess  County), 
and  Corynorhinus  rafinesquii  in  1992  at 
Squire  Boone  Caverns  (Harrison  County). 
Nettings  were  carried  out  at  and  just  below 
Squire  Boone  Caverns  during  the  present 
study,  but  no  big-eared  bats  were  captured. 
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Additional  netting  for  M.  austroriparius  is 
needed  southwest  of  Washington. 

The  other  species  expected  in  the  bottom- 
land forest  areas  were  present:  Myotis  lucifa- 
gus,  M.  septentrionalis,  Pipistrellus  subflavus, 
Eptesicus  fuscus,  Lasiurus  boreal  is  and  L.  ci- 
nereus.  There  were  some  notable  differences 
between  the  Wabash  and  Ohio  River  basins. 
In  the  lower  Wabash  River  basin,  the  northern 
myotis  and  evening  bat  were  the  most  abun- 
dant and  widespread  species,  whereas  in  the 
Ohio  River  basin,  the  red  bat  and  eastern  pip- 
istrelle  were  the  most  abundant  and  wide- 
spread. Probably  the  two  most  abundant  bat 
species  in  Indiana  are  the  big  brown  bat,  fol- 
lowed by  the  red  bat,  thus  it  is  not  hard  to 
understand  the  red  bats'  abundance.  However, 
the  big  brown  bat  is  closely  associated  with 
humans,  living  in  various  artificial  structures. 
That  our  sampling  was  mostly  in  remote  bot- 
toms undoubtedly  explains  the  relatively  low 
number  of  big  brown  bats  taken  during  this 
study. 

The  occurrence  in  the  bottomlands  of  rela- 
tively large  numbers  of  evening  bats  was  of 
great  interest,  as  we  had  been  searching  for 
this  species  in  buildings  for  some  years.  All 
of  the  previously  known  Nycticeius  maternity 
colonies  were  associated  with  buildings  in  In- 
diana (Mumford  &  Whitaker  1982).  However, 
present  data  indicate  an  association  of  this 
species  with  large  river  bottom  woods.  Whi- 
taker &  Gummer  (1993)  had  previously  noted 
a  general  relationship  between  the  colonies  in 
buildings  to  the  Wabash  and  White  rivers 
(Map  1),  which  is  consistent  with  this  idea. 
Numerous  evening  bats  were  netted  in  the 
Wabash  River  bottoms  from  Vigo  to  Posey 
Counties,  and  a  number  of  individuals  have 
been  radio-tracked  to  hollow  trees.  Prairie 
Creek  and  the  Posey  County  sites,  and  to 
some  extent  the  Busseron  site  are  large  flat 
wooded  bottomland,  the  sorts  of  areas  that  are 
not  developed  or  inhabited  because  they  often 
flood.  These  data  lead  us  to  conclude  that  the 
southern  Wabash  River  bottomland  woods  are 
similar  to  the  typical  ancestral  habitat  of  this 
species  in  Indiana.  Roosts  previously  known 
from  buildings  were  probably  either  spillover 
from  times  when  there  were  good  populations 
in  bottomland  woods,  or  else  show  that  this 
species  was  adapting  well  to  humans  and  their 
structures  the  same  as  big  brown  bats  and  lit- 
tle brown  myotis  have  done.  However,  the  fact 


that  the  previously  known  populations  in 
buildings  are  all  gone  seems  to  indicate  that 
this  adaptation  was  not  very  successful,  and 
perhaps  that  Nycticeius  does  not  very  suc- 
cessfully compete  with  big  brown  bats  for 
roosts  in  buildings. 
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OCCURRENCE  AND  DISTRIBUTION  OF  FRESHWATER 

MUSSELS  IN  SMALL  STREAMS  OF 

TIPPECANOE  COUNTY,  INDIANA 

Melody  L.  Myers-Kinzie,  Stephen  P.  Wente  and  Anne  Spacie:      Department  of 
Forestry  and  Natural  Resources,  Purdue  University,  West  Lafayette,  Indiana  47907 

ABSTRACT.  A  mussel  survey  was  conducted  at  52  sites  in  12  stream  systems  within  Tippecanoe 
County,  Indiana.  The  study  did  not  include  the  Wabash  River,  the  Tippecanoe  River,  or  the  Middle  Fork 
of  Wildcat  Creek.  Evidence  of  28  mussel  species  was  found  during  the  survey;  17  species  were  found 
live.  Of  all  live  mussels,  58%  were  Lampilis  siliquoidea  (fatmucket).  Mussel  species  richness  in  each 
stream  system  was  significantly  correlated  with  watershed  area  and  fish  species  richness.  However,  the 
presence  of  potential  host  fish  species  did  not  entirely  explain  the  mussel  distribution. 

Keywords:     Headwater  streams,  mussel  distribution,  host  fish 


Surveys  of  freshwater  mussels  (unionids)  in 
North  America  have  documented  declines  of 
mussel  species  diversity  and  reduced  distri- 
butional ranges  (Meyer  1968;  Dineen  1971; 
Cummings  et  al.  1992).  Of  297  native  fresh- 
water mussel  species  in  the  United  States  and 
Canada,  71.7%  are  considered  endangered, 
threatened,  or  of  special  concern  (Williams  et 
al.  1993).  Changes  in  mussel  populations  may 
be  a  good  indicator  of  stresses  on  the  stream 
ecosystem  caused  by  agriculture,  industry,  or 
urbanization  (Dineen  1971). 

The  unionid's  life  cycle  has  the  larval  stage, 
the  glochidium,  parasitic  on  a  fish  host.  The 
glochidium  undergoes  transformation  into  a 
juvenile  mussel  during  this  parasitic  phase. 
The  host-parasite  relationship  is  specific  in 
that  only  certain  species  of  fish  may  serve  as 
glochidial  hosts  for  any  given  mussel  species. 
When  transformation  is  complete,  the  juvenile 
mussel  detaches  from  the  fish  and  begins  life 
as  an  independent  organism  (McMahon 
1991).  The  movement  of  fish  bearing  glochid- 
ia  is  the  main  mechanism  of  unionid  dispersal. 
Whether  a  mussel  can  then  survive  in  any  giv- 
en location  therefore  depends  on  immediate 
environmental  conditions  and  chance  events 
such  as  droughts,  floods,  and  exposure  to  pol- 
lutants (Watters  1992). 

Small  streams  are  generally  under-repre- 
sented in  mussel  status  reports  because  they 
are  not  included  in  most  stream  surveys  and 
mussel  populations  are  usually  not  assessed  as 
part  of  most  stream  faunistic  surveys  which 


usually  focus  on  fish  and/or  aquatic  insects. 
Recent  regional  mussel  surveys  which  did  in- 
clude small  streams  include  the  Sangamon 
River  Basin,  Illinois  (Schanzle  &  Cummings 
1991),  the  Big  Darby  Creek  system,  Ohio 
(Watters  1994)  and  a  few  selected  tributaries 
of  the  Tippecanoe  River,  Indiana  (Ecological 
Specialists,  Inc.  1993). 

Factors  affecting  whether  or  not  a  small 
stream  will  support  mussels  include  presence 
of  host  fish  species,  size  of  watershed  area, 
and  suitability  of  habitat.  Mussels  thought  to 
be  typical  headwater  species  include  Anodon- 
toides  ferussacianus,  Alasmidonta  viridis  and 
Lasmigona  compressa  (Cummings  &  Mayer 
1992);  but  because  of  the  lack  of  small  stream 
mussel  survey  data,  it  is  not  known  to  what 
extent  these  streams  might  support  additional 
species. 

Tippecanoe  County,  located  in  west  central 
Indiana,  includes  a  variety  of  small  streams  as 
well  as  the  confluence  of  the  Tippecanoe  with 
the  Wabash  River.  Land  use  in  Tippecanoe  is 
primarily  agricultural  but  is  undergoing  rapid 
urbanization.  The  Wabash  River  flows  through 
the  county  from  northeast  to  southwest;  and 
all  streams  in  the  county,  including  the  Tip- 
pecanoe River,  are  tributaries  of  the  Wabash. 
The  Tippecanoe  and  Wabash  River  watersheds 
contain  a  high  diversity  of  unionid  fauna 
(Goodrich  &  van  der  Schalie  1944;  Cum- 
mings &  Berlocher  1990).  Recent  mussel  sur- 
veys in  the  middle  Wabash  drainage  include 
the    Wabash    and   Tippecanoe    Rivers    (Cum- 
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mings  et  al.  1992),  the  Tippecanoe  River 
(Ecological  Specialists,  Inc.  1993)  and  the 
Middle  Fork  of  Wildcat  Creek  (Henschen 
1990),  and  the  present  study  did  not  include 
these  waterways.  Tippecanoe  County  is  an  es- 
pecially good  location  to  address  these  issues 
because  of  recent  surveys  of  fish  and  large 
river  mussels,  and  rapid  changes  in  land  use. 

There  are  many  potential  variables  control- 
ling the  occurrence  and  distribution  of  mus- 
sels, including  water  quality  issues  and  phys- 
ical habitat  suitability.  However,  fundamental 
to  the  perpetuation  of  mussel  life  is  the  pres- 
ence of  host  fish.  The  size  of  the  watershed 
can  influence  fish  populations  and,  therefore, 
mussel  populations  (Watters  1993).  Because 
of  this  unique  host-parasite  relationship,  the 
discussion  of  factors  affecting  mussel  distri- 
bution will  examine  the  effects  of  watershed 
size  and  fish  diversity,  and  compare  mussel 
distributions  with  host  fish  distributions. 

The  objective  of  this  study  was  to  deter- 
mine the  occurrence  and  distribution  of  mus- 
sels in  12  small  stream  systems.  This  distri- 
bution was  correlated  to  the  watershed  areas 
and  fish  species  richness  of  the  stream  systems 
to  evaluate  the  relationship  of  these  factors  to 
mussel  species  richness.  Host  fish  distribu- 
tions were  compared  to  the  presence  or  ab- 
sence of  mussels  in  each  stream  system  to  de- 
termine the  extent  to  which  host  fish 
availability  limits  mussel  distribution.  This 
study  will  serve  as  a  baseline  for  future  work 
with  small  stream  mussel  populations. 

METHODS 

Description  of  study  area. — A  mussel  sur- 
vey was  conducted  at  52  sites  in  12  water- 
sheds in  Tippecanoe  County,  Indiana  (Fig.  1 ) 
in  June-August  1995.  These  same  sites  were 
surveyed  for  fish  in  1994  (Fisher  et  al.  1998). 
The  characteristics  of  streams  included  in  the 
study  varied  tremendously.  Included  were 
channelized  agricultural  ditches,  unaltered 
small  streams  with  forested  riparian  corridors, 
and  a  designated  scenic  waterway  (Wildcat 
Creek)  of  moderate  size.  Stream  orders  at  the 
sites  varied  from  second  (Site  7)  to  fifth  (Site 
34).  The  smallest  stream  was  Bridge  Creek, 
with  a  total  watershed  area  of  16  km2  and  the 
largest  was  Wildcat  Creek,  with  a  total  water- 
shed area  of  2085  km2  (Hoggatt  1975). 

Survey  methodology. — Stream  sites  were 
surveyed  once  each  by  walking  for  a  length 


of  stream  bed  covering  at  least  three  riffle- 
pool  sequences.  Search  efforts  varied  from  a 
minimum  of  2  person-hours  at  the  smallest 
sites  to  at  least  10  person-hours  at  the  largest 
sites  on  Wildcat  Creek.  All  types  of  habitat 
were  visually  searched,  including  banks,  grav- 
el bars,  pools  and  riffles.  Visible  trails  in  the 
substrate  were  searched  by  hand  digging  to 
locate  burrowed  mussels.  At  each  site,  the 
number  and  species  of  live  mussels  and  mus- 
sel shells  were  recorded.  Specimens  were 
classified  as  live,  fresh  shell  or  weathered 
shell.  Fresh  shells  were  categorized  as  having 
the  hinge  ligament  unbroken  or  the  perios- 
tracum  largely  intact.  Live  mussels  were  iden- 
tified in  the  field  and  returned  to  the  stream, 
with  voucher  specimens  being  collected  from 
dead  shells  only.  Identifications  were  made 
using  the  taxonomic  references  of  Oesch 
(1984),  Watters  (1995)  and  Cummings  & 
Mayer  (1992),  and  by  examination  of  speci- 
mens housed  in  the  Indiana  State  Museum. 
Voucher  specimens  are  located  at  Purdue  Uni- 
versity. 

Data  analysis. — Information  on  mussel 
species  distributions  was  compared  with  fish 
species  distributions  for  these  sites  (Fisher  et 
al.  1998)  and  host  fish  species  lists  (Watters 
1995).  Regression  analyses  were  done  to  eval- 
uate the  relationships  between  the  number  of 
mussel  species  versus  the  log  of  the  watershed 
size,  and  between  the  number  of  mussel  spe- 
cies present  by  stream  system  versus  number 
of  fish  species  (Table  1).  The  regression  anal- 
yses included  Tippecanoe  County  mussel  data 
from  the  Wabash  and  Tippecanoe  Rivers 
(Cummings  et  al.  1992),  but  excluded  Big 
Shawnee  Creek.  Only  one  site  was  surveyed 
on  the  upstream  portion  of  Big  Shawnee 
Creek;  however,  the  remainder  of  the  stream 
which  continues  through  Fountain  County,  In- 
diana was  not  surveyed. 

RESULTS 

Mussel  distribution. — Twenty-eight  spe- 
cies of  mussels  (Table  2)  were  found  during 
the  survey;  and  of  these,  219  individuals  of 
18  species  were  found  alive  (Table  3).  Three 
species  (Lampsilis  siliquoidea,  Anodontoides 
ferussacianus  and  Pyganodon  grandis)  were 
the  most  common  found  alive,  comprising 
72.2%  of  the  total.  Uncommon  species  were 
Strophitus  undulatus,  Alasmidonta  marginata, 
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Figure  1. — Mussel  sampling  sites  in  Tippecanoe  County,  Indiana.  Sampling  sites  are  indicated  with  a 
circle  (O)  and  are  labeled  with  numbers.  The  cities  of  Lafayette  and  West  Lafayette  are  located  in  the 
central  part  of  the  county,  and  are  separated  by  the  Wabash  River. 


Lampsilis  teres,  and  Ligumia  recta,  each  be- 
ing represented  by  one  live  individual. 

All  stream  systems  surveyed,  except  Bridge 
Creek,  showed  evidence  of  unionid  life,  wheth- 
er in  the  form  of  live  individuals  or  shells. 
Only  weathered  shells  were  found  in  Indian 
Creek,  Buck  Creek,  Flint  Run  (site  10),  Dismal 
Creek  (site  29),  and  Sugar  Creek.  Flint  Run  is 
a  tributary  of  Flint  Creek,  and  Dismal  Creek  is 
a  tributary  of  Wea  Creek.  Only  one  weathered 


shell  fragment  of  Anodontoides  ferussacianus 
was  found  in  Indian  Creek  at  site  13,  and  one 
weathered  valve  of  Actinonaias  ligamentina 
was  found  in  Buck  Creek  at  site  44. 

Of  all  live  mussels  found  during  the  study. 
58%  were  Lampsilis  siliquoidea.  They  were 
found  alive  at  five  Wildcat  Creek  sites,  and 
shells  of  this  mussel  were  found  at  all  Wildcat 
Creek  sites.  They  were  also  found  alive  in 
Lauramie,  Wea,  and  Little  Pine  Creeks. 


144 


PROCEEDINGS  OF  THE  INDIANA  ACADEMY  OF  SCIENCE 


Table  1. — Mussel  and  fish  species  richness  in  re- 
lation to  watershed  areas  by  stream  system.  Mussel 
species  include  live,  fresh  shells  and  weathered 
shells.  Watershed  areas  are  reported  to  the  mouth 
of  stream,  except  for  the  Wabash  River,  which 
shows  the  drainage  area  to  Lafayette,  Indiana.  Su- 
perscripts represent:  ;|  Hoggatt  1975;  b  Fisher  et  al. 
1998;  cCummings  et  al.  1992. 


Num- 

Num- 

ber 

Water- 

ber 

of 

shed 

of 

fish 

area 

mussel 

spe- 

Stream system 

(km2)a 

species 

cies11 

Bridge  Creek 

16 

0 

9 

Bowen  Ditch 

22 

1 

9 

Buck  Creek 

30 

1 

12 

Sugar  Creek 

74 

3 

30 

Indian  Creek 

77 

1 

21 

Flint  Creek 

100 

2 

23 

Moots  Creek 

133 

3 

39 

Little  Pine  Creek 

135 

11 

33 

Burnett  Creek 

139 

1 

23 

Big  Shawnee  Creek 

167 

1 

15 

Wea/Little  Wea  Creek 

422 

7 

49 

Wildcat  Creek 

2085 

26 

56 

Tippecanoe  River 

5050 

31c 

55 

Wabash  River 

19,397 

43c 

80 

Anodontoides  ferussacianus  and  Alasmi- 
donta  viridis  were  found  in  headwater  areas 
during  this  study.  Twenty-one  live  Anodonto- 
ides ferussacianus  were  found,  representing 
9.6%  of  the  total  live  mussels,  in  Little  Pine 
Creek,  Wea  Creek,  and  Moots  Creek.  Four 
live  Alasmidonta  viridis  specimens,  represent- 
ing 1 .8%  of  total  live  mussels,  were  found  by 
digging  with  the  hands  at  the  end  of  visible 
mussel  trails  in  Wea  and  Big  Shawnee  Creeks. 
Thirteen  sites  on  Big  Shawnee  Creek,  Wea 
Creek,  Little  Wea  Creek,  Little  Pine  Creek, 
Sugar  Creek,  South  Fork  Wildcat  Creek  and 
Flint  Run  yielded  either  live  mussels  or  shells 
of  Alasmidonta  viridis. 

Lasmigona  compressa  were  also  found  in 
headwater  areas.  They  were  found  live  or  as 
shells  at  sites  in  Little  Pine  Creek,  Wea  Creek, 
South  Fork  Wildcat  Creek,  Moots  Creek,  and 
Sugar  Creek.  Only  two  live  individuals  (sites 
4  and  22)  were  found,  representing  0.9%  of 
total  live  mussels. 

Three  species  found  in  both  smaller  streams 
and  in  the  larger  Wildcat  Creek  system  were 
Pyganodon  grandis,   Lampsilis  cardium   and 


Fusconaia  flava.  Live  Pyganodon  grandis 
represented  9.6%  of  total  live  mussels,  and 
were  found  as  shells  or  live  individuals  in  Lit- 
tle Pine  Creek  and  Wildcat  Creek.  Lampsilis 
cardium  was  found  in  Wildcat  Creek  and  Wea 
Creek,  including  a  live  mussel  at  Wea  Creek 
site  19,  and  at  Wildcat  Creek  sites  34,  36,  39 
and  40.  Fusconaia  flava  was  found  in  Wea, 
Little  Pine  and  Wildcat  Creeks,  including  live 
individuals  at  Wea  Creek  sites  19  and  20. 

Evidence  of  26  species  of  mussels  was 
found  in  the  Wildcat  Creek  system,  and  of 
these,  nine  species  were  found  alive.  Species 
found  only  in  the  Wildcat  Creek  system, 
whether  as  live  mussels  or  shells,  were  Alas- 
midonta marginata,  Amblema  plicata,  Cyclon- 
aias  tuberculata,  Elliptio  dilatata,  Lampsilis 
teres,  Lasmigona  complanata,  Lasmigona 
costata,  Leptodea  fragilis,  Ligumia  recta, 
Pleurobema  clava,  Potamilus  alatus,  Quad- 
rula  pustulosa,  Quadrula  quadrula,  Tritogon- 
ia  verrucosa  and  Truncilla  truncata.  Mussel 
species  that  were  found  either  as  live  individ- 
uals or  shells  only  in  the  downstream  portion 
(sites  34  and  35)  of  Wildcat  Creek  were 
Quadrula  quadrula,  Leptodea  fragilis,  Potam- 
ilus alatus,  and  Truncilla  truncata.  Pleuro- 
bema clava  and  Cyclonaias  tuberculata  were 
each  represented  by  one  weathered  valve  in 
North  Fork  Wildcat  Creek. 

Little  Pine  Creek  contained  1 1  species  of 
mussels,  including  two  species  not  found  in 
any  other  stream  in  the  study.  These  were 
Uniomerus  tetralasmus  and  the  state  species 
of  special  concern  Toxolasma  lividus.  Toxo- 
lasma  lividus  was  found  at  only  one  sampling 
site  (Site  3)  which  had  two  live  specimens  and 
numerous  fresh  shells.  All  Little  Pine  Creek 
sites  in  Tippecanoe  County  supported  live 
mussels  except  the  most  upstream  site  (site  6) 
and  site  7  on  the  tributary  stream  Otterbein 
Ditch  in  the  town  of  Otterbein,  Tippecanoe 
County,  Indiana. 

Two  species,  Toxolasma  parvus  and 
Uniomerus  tetralasmus,  are  new  Tippecanoe 
County  records.  Toxolasma  parvus  was  found 
in  four  streams  (Bowen  Ditch,  Little  Pine 
Creek,  Wea  Creek,  and  Wildcat  Creek)  and 
Uniomerus  tetralasmus  in  one  stream  (Little 
Pine  Creek). 

Effects  of  watershed  area  and  host  fish. — 
The  number  of  species  per  watershed  was  sig- 
nificantly correlated  to  the  drainage  area  (r2  = 
0.91,  P  <  0.01)  (Fig.  2).  Correlation  of  the 
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Table  2. — Mussel  speeies  found  during  the  study,  categorized  as  live,  fresh  shells,  or  weathered  shells. 
The  numbers  refer  to  sites  listed  in  Figure  1. 


Species 

Live 

Fresh  : 

shell 

Is 

Weathered  shells 

Actinonaias  ligamentima 

37 

34-37 

35,  37,44 

Alasmidonta  marginata 

37 

36,  38 

34,36 

Alasmidonta  viridis 

1,20 

3,20,21,  21 

i 

1,  10,  17-19,  21.22 
24,  36,  40,  46 

Amblema  plicata 

35-37 

Anodontoides  ferussacianus 

4,  22,  23,  50 

3,4,20,21, 

23, 

26,  32. 

10,  13,  15,  18-22.24,26. 

33,40,41 

,43. 

,48 

29-34.  37,  39,  40.  42, 
46-50 

Cyclonaias  tuberculata 

37 

EUiptio  dilatata 

37 

35 

Fusconaia  flava 

19,20 

2,  3,  20,  36, 

38 

2,  19,34-37,40,41 

Lampsilis  cardiwn 

19,  34,36,39,40 

22,  34-36,  38,  40 

17,  18,20-22,  24,  34-41,49 

Lamps  His  siliquoidea 

2-4,  19-22, 
36,  37,  40- 

34, 
-43 

2-4,  20-22, 

36, 

39-41 

2,  18-23,34-41 

Lampsilis  teres 

37 

36 

36 

Lasmigona  complanata 

37 

38 

34-37 

Lasmigona  compressa 

4,  22 

3,41,49 

46 

Lasmigona  costata 

38,  40 

36,  37,  40 

Leptodea  fragilis 

34,  35 

34,35 

35 

Ligumia  recta 

34 

36,  38 

34-37,39-41 

Pleurobema  clava 

36,37 

Potamilus  alatus 

34 

34 

Pyganodon  grandis 

3-5,  34,  36, 

37 

3,  4,  34,  36, 

38 

2,  36,  37 

Quadrula  pustulosa 

36 

35,  36 

Quadrula  quadrula 

35 

35 

Strophitus  undulatus 

4,37 

36,  38,  40 

34-37 

Toxolasma  lividus 

3 

3 

Toxolasma  parvus 

4 

3,20,36,51 

4,  16,  18,20 

Tritogonia  verrucosa 

35 

35-38 

Truncilla  truncata 

34 

Uniomerus  tetralasmus 

3,4 

4 

Utterbackia  imbecillis 

4 

4 

36 

number  of  mussel  species  to  the  number  of 
fish  species  was  also  highly  significant  (r2  = 
0.80,  P  <  0.01)  (Fig.  3). 

Comparisons  were  made  by  stream  system 
for  occurrences  of  mussels  and  host  fish.  For 
each  mussel  species  found,  host  fish  were  doc- 
umented for  that  stream  system  in  all  but  two 
instances  (Bowen  Ditch  and  Buck  Creek); 
however,  host  fish  distributions  exceeded  mus- 
sel distributions. 

DISCUSSION 

Mussel  distribution. — The  small  streams 
of  Tippecanoe  County  are  home  to  a  diverse 
and  widely-distributed  mussel  fauna,  as  dem- 
onstrated by  219  live  individuals  of  18  species 
found.  However,  the  fact  that  only  weathered 
shells  were  found  in  five  streams  implies  that 


mussels  existed  in  those  streams  in  the  past, 
but  are  unable  to  do  so  now. 

Lampsilis  siliquoidea  is  one  of  the  most 
common  mussels  in  Indiana  (Goodrich  &  van 
der  Schalie  1944).  In  a  survey  of  the  Eel  River 
in  Indiana,  Lampsilis  siliquoidea  occurred  at 
all  sites  where  live  mussels  were  found 
(Henschen  1987).  Even  this  nearly  ubiquitous 
species  may  have  its  limits  of  tolerance  to 
habitat  disturbance.  Lampsilis  siliquoidea  ap- 
pears to  have  declined  in  the  Sangamon  River 
drainage  of  Illinois,  a  watershed  impacted  by 
channelization,  impoundment,  and  agricultur- 
al, industrial  and  municipal  runoff  (Schanzle 
&  Cummings  1991).  Because  of  the  lack  of 
historical  data  for  the  small  streams  in  the  pre- 
sent study,  it  is  not  known  if  a  similar  decline 
is  occurring  in  Tippecanoe  County. 
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Table  3. — Abundance  of  live  mussels  found  in 
Tippecanoe  County  in  this  survey.  The  percentage 
of  the  total  collection  for  hte  county  is  also  shown. 


Number 

of  live 

Percent- 

Species 

mussels 

age 

Lampsilis  siliquoidea 

127 

58.0% 

Anodontoides  ferussacianus 

21 

9.6% 

Pyganodon  grandis 

21 

9.6% 

Toxolasma  parvus 

1  1 

5.0% 

Utterbackia  imbecillis 

7 

3.2% 

Lampsilis  cardium 

5 

2.3% 

Fusconaia  flava 

4 

1.8% 

Alasmidonta  viridis 

4 

1.8% 

Leptodea  fragilis 

4 

1.8% 

Lasmigona  complanata 

3 

1 .4% 

Actinonaias  ligamentina 

2 

0.9% 

Lasmigona  compressa 

2 

0.9% 

Toxolasma  lividus 

2 

0.9% 

Potamilus  alatus 

2 

0.9% 

Strophitus  undulatus 

1 

0.46% 

A I  asm  idonta  ma  rginata 

1 

0.46% 

Lampsilis  teres 

1 

0.46% 

Ligumia  recta 

1 

0.46% 

Several  species  of  mussels  are  considered 
to  be  typical  of  headwater  streams:  Anodon- 
toides ferussacianus,  Alasmidonta  viridis,  and 
Lasmigona  compressa  (Cummings  et  al. 
1992).  Anodontoides  ferussacianus  was  com- 
mon and  widespread  in  the  present  study. 
Schanzle  &  Cummings  (1991)  found  Anodon- 
toides ferussacianus  in  the  upstream  portions 
of  the  Sangamon  River  and  its  tributaries  in 
sufficient  numbers  to  constitute  2%  of  their 
total  sample;  and  Ecological  Specialists,  Inc. 
(1993)  called  it  one  of  the  most  common  spe- 
cies collected  in  tributaries.  Ecological  Spe- 
cialists, Inc.  (1993)  found  Alasmidonta  viridis 
distributed  in  tributary  streams,  although  it 
was  rare.  Alasmidonta  viridis  is  known  to  bur- 
row in  the  substrate  (Watters  1995)  and  may 
be  easily  missed.  Ecological  Specialists,  Inc. 
(1993)  also  found  that  the  small  size  of  this 
unionid  reduced  chances  of  finding  it  alive.  In 
the  present  study  Lasmigona  compressa  indi- 
viduals were  widely  scattered  and  never  pre- 
sent in  great  numbers.  Ecological  Specialists, 
Inc.  (1993)  found  Lasmigona  compressa  to  be 
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Figure  2. — Mussel  species  richness  in  relation  to  log  of  watershed  area  by  stream  system.  (A  =  Bridge 
Creek;  B  =  Bowen  Ditch;  C  =  Buck  Creek;  D  =  Sugar  Creek;  E  =  Indian  Creek;  F  =  Flint  Creek;  G 
=  Moots  Creek;  H  =  Little  Pine  Creek;  I  =  Burnett  Creek;  J  =  Big  Shawnee  Creek;  K  =  Wea/Little 
Wea  Creek;  L  =  Wildcat  Creek;  M  =  Tippecanoe  River;  N  =  Wabash  River). 
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Figure  3. — Mussel  species  richness  in  relation  to  fish  species  richness  by  stream  system.  (A  =  Bridge 
Creek;  B  =  Bowen  Ditch;  C  =  Buck  Creek;  D  =  Sugar  Creek;  E  =  Indian  Creek;  F  =  Flint  Creek;  G 
=  Moots  Creek;  H  =  Little  Pine  Creek;  I  =  Burnett  Creek;  J  =  Big  Shawnee  Creek;  K  =  Wea/Little 
Wea  Creek;  L  =  Wildcat  Creek;  M  =  Tippecanoe  River;  N  =  Wabash  River). 


rare  and  scattered  in  the  tributaries  of  the  Tip- 
pecanoe River,  as  did  Schanzle  &  Cummings 
(1991)  in  the  tributaries  of  the  Sangamon  Riv- 
er. The  present  study  shows  that  the  typical 
headwater  species  Alasmidonta  viridis  and 
Lasmigona  compressa  are  present  in  small 
streams,  but  their  ranges  may  be  underesti- 
mated due  to  difficulties  in  locating  them. 

Three  species,  Pyganodon  grandis,  Lamp- 
silis  cardium,  and  Fusconaia  flava  were  wide- 
spread in  their  distribution.  These  three  spe- 
cies are  able  to  inhabit  smaller  streams  such 
as  Little  Pine  Creek  and  Wea  Creek,  moderate 
size  streams  such  as  Wildcat  Creek,  and  large 
rivers  such  as  the  Wabash  or  Tippecanoe  Riv- 
ers (pers.  obser.). 

Exceptional  streams. — The  Wildcat  Creek 
system  was  exceptional  in  its  mussel  diversity 
in  that  it  showed  evidence  of  26  mussel  spe- 
cies. The  four  species  found  only  in  the  down- 
stream portion  are  more  typical  riverine  spe- 


cies that  are  common  in  the  Wabash  River.  A 
troubling  observation  was  that  the  federally- 
endangered  Pleurobema  clava  and  the  uncom- 
mon Cyclonaias  tuberculata  were  found  only 
as  weathered  shells  in  the  North  Fork  Wildcat. 
This  is  similar  to  the  finding  of  Henschen 
(1987)  in  which  the  Eel  River,  a  stream  with 
a  similar  watershed  size  to  Wildcat  Creek, 
yielded  only  shells  of  Pleurobema  clava  and 
Cyclonaias  tuberculata.  These  species  are  dis- 
appearing from  much  of  their  former  ranges, 
and  Wildcat  Creek  may  be  no  exception  to 
this  trend. 

Little  Pine  Creek  supports  1 1  mussel  spe- 
cies, including  the  only  known  Tippecanoe 
County  population  of  Uniomerus  tetralasmus. 
This  species  is  uncommon  (Cummings  & 
Mayer  1992)  and  was  found  in  only  one  trib- 
utary of  the  Big  Darby  Creek  system  of  Ohio 
(Watters  1994).  The  state  species  of  special 
concern  Toxolasma  lividus  individuals  in  Lit- 
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tie  Pine  Creek  are  isolated  from  others  of  the 
same  species.  Previous  county  records  of  Tox- 
olasma  lividus  include  one  live  individual  in 
the  Tippecanoe  River  near  the  mouth  (Cum- 
mings  et  al.  1992).  These  populations  in  Little 
Pine  Creek  are  vulnerable  to  local  extirpation 
from  events  such  as  ditching  to  facilitate  ag- 
ricultural drainage. 

The  discovery  of  two  mussel  species  that 
are  new  county  records  emphasizes  the  im- 
portance of  studying  small  streams.  Many  of 
these  streams  are  subject  to  habitat  modifica- 
tion, non-point  source  pollution,  and  land-use 
changes.  Without  baseline  data  on  the  biota  of 
these  streams,  we  may  never  know  the  mag- 
nitude of  these  impacts. 

Effects  of  watershed  area  and  fish  diver- 
sity.— The  effect  of  watershed  area  shows  in- 
creasing unionid  diversity  with  greater  water- 
shed area.  The  stream  with  the  smallest 
watershed  area,  Bridge  Creek  (16  km2)  is 
probably  too  small  to  support  mussels.  Bowen 
Ditch,  with  a  watershed  area  of  20  km2,  yield- 
ed one  mussel  species.  The  habitat  quality  of 
Bridge  Creek  was  as  least  as  good  as  that  of 
Bowen  Ditch  and  both  supported  nine  fish 
species,  implying  that  the  minimum  watershed 
size  needed  for  mussels  is  approximately  20 
km2.  Unionid  diversity  is  not  solely  a  conse- 
quence of  the  drainage  area,  but  is  also  related 
to  the  fish  diversity  (Watters  1992).  In  small 
systems,  the  number  of  unionids  is  related  to 
the  drainage  area,  while  in  larger  systems 
unionid  diversity  is  related  to  both  drainage 
area  and  fish  diversity  (Watters  1992). 

Regression  between  number  of  mussel  spe- 
cies and  number  of  fish  species  is  a  linear 
function  (r2  =  0.80).  A  similar  analysis  by 
Watters  (1993)  gave  an  r2  of  0.92,  indicating 
the  species  numbers  of  fishes  and  unionids  are 
highly  correlated.  The  ratio  of  fish  diversity  to 
unionid  diversity  is  essentially  a  constant,  and 
this  ratio  may  be  used  to  predict  an  expected 
unionid  diversity  (Watters  1993).  Deviations 
from  expected  unionid  diversity  based  on  fish 
diversity  may  be  attributed  to  several  causes 
such  as  fish  mobility,  presence  of  exotic  fish 
species,  and  the  persistence  of  unionid  shells 
many  years  after  the  death  of  the  animal  (Wat- 
ters 1992). 

Comparison  with  host  fish  distribu- 
tions.— Host  fish  were  documented  for  ob- 
served mussels  in  all  but  two  instances.  This 
apparent  anomaly  is  undoubtedly  a  result  of 


the  transient  nature  of  fish  communities  at  any 
given  location.  No  dams  that  would  limit  fish 
movement  are  present  on  any  of  the  streams. 

For  some  mussel  species,  distributional 
ranges  corresponded  closely  with  those  of 
known  host  fish.  Examples  include  Potamilus 
alatus,  Leptodea  fragilis  and  Truncilla  trun- 
cata  inhabiting  the  downstream  portion  of 
Wildcat  Creek  along  with  their  host  fish,  Aplo- 
dinotus  grunniens  (freshwater  drum).  Another 
example  is  the  host  fish  for  Uniomerus  tetra- 
lasmus,  Notemigonus  crysoleucas  (golden 
shiner)  that  was  found  in  only  Little  Pine 
Creek  and  in  the  Wabash  River  during  a  Tip- 
pecanoe County  fish  survey  (Fisher  et  al. 
1998);  and  the  only  known  Tippecanoe  Coun- 
ty population  of  Uniomerus  tetralasmus  is  in 
Little  Pine  Creek.  For  most  other  mussel  spe- 
cies, the  ranges  of  the  host  fish  greatly  ex- 
ceeded the  ranges  of  the  mussels.  Hosts  for 
Toxolasma  lividus  are  Lepomis  cyanellus 
(green  sunfish)  and  Lepomis  megalotis  (long 
ear  sunfish)  which  are  widely  distributed 
throughout  the  county,  but  this  mussel  was 
limited  to  one  site.  This  concurs  with  the  find- 
ings of  Bauer  et  al.  (1991 )  that  the  distribution 
pattern  of  hosts  does  not  explain  the  distri- 
bution pattern  of  the  mussels.  The  role  of  host 
fish  in  mussel  distribution  is  an  essential  one, 
but  other  environmental  factors  limit  whether 
a  particular  species  can  survive  past  the  post- 
parasitic  stage. 

In  some  cases  where  the  habitat  preferences 
of  a  mussel  species  is  known,  it  may  be  con- 
cluded that  this,  rather  than  the  presence  of 
host  fish,  is  the  determinant  for  mussel  suc- 
cess. For  example,  Alasmidonta  marginata 
usually  occurs  in  clear  flowing  streams  of 
moderate  size  (Watters  1995).  Alasmidonta 
marginata  was  present  only  in  Wildcat  Creek, 
which  also  contains  the  host  species  Amblo- 
plites  rupestris  (rock  bass),  Moxostoma  ma- 
crolepidotum  (shorthead  redhorse),  Hypente- 
lium  nigricans  (northern  hogsucker),  and 
Catostomus  commersoni  (white  sucker).  How- 
ever, these  fish  were  widely-distributed 
throughout  the  county.  Strayer  (1983)  states 
that  in  addition  to  stream  size,  surface  geology 
is  also  a  factor  in  defining  mussel  species  hab- 
itats, and  that  hydrological  variability  associ- 
ated with  surface  geology  is  probably  an  im- 
portant factor  in  determining  unionid 
distributions. 
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CONCLUSIONS 

The  distribution  of  mussels  in  Tippecanoe 
County  indicated  a  total  of  28  species  in  12 
watersheds.  Of  these,  some  species  are  typical 
of  headwater  areas,  others  inhabit  moderate 
size  streams  such  as  Wildcat  Creek,  and  others 
are  widely-distributed  throughout  the  county. 
The  mussel  species  richness  was  significantly 
correlated  with  fish  species  richness,  but  the 
pattern  of  host  fish  distribution  did  not  entirely 
explain  the  patterns  of  mussel  distribution. 
Since  mussels  are  not  routinely  included  in 
small  stream  water  quality  surveys,  many  of 
the  factors  influencing  mussel  distribution, 
such  as  habitat  requirements,  are  not  well 
known.  Because  of  the  recent  decline  in  mus- 
sel populations,  this  merits  further  study. 
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PALAEOECOLOGY  OF  A  NORTHEAST  INDIANA  WETLAND 

HARBORING  REMAINS  OF  THE  PLEISTOCENE 

GIANT  BEAVER  (CASTOROIDES  OHIOENSIS) 

Anthony  L.  Swinehart:      Department  of  Biology,  Hillsdale  College,  Hillsdale, 
Michigan  49242 

Ronald  L.  Richards:      Indiana  State  Museum,  202  North  Alabama  Street,  Indianapolis, 
Indiana  46204 

ABSTRACT.  Recovery  of  a  femur  of  an  adult  Pleistocene  giant  beaver  (Castoroides  ohioensis)  from  a 
cornfield  in  Whitley  County,  Indiana,  prompted  an  analysis  of  the  palaeoecology  of  the  site.  Inspection 
of  historic  maps  and  more  recent  United  States  Geological  Survey  (USGS)  topographic  maps  facilitated 
reconstruction  of  the  pre-disturbance  physiography  of  the  site.  What  is  currently  a  ditched  agricultural 
area  was  once  an  extensive  shallow  lake  associated  with  Spring  Creek,  which  drains  into  the  Eel  River. 
The  lake  occurred  on  the  interlobate  Packerton  Moraine  created  during  Wisconsin  glaciation.  Analysis  of 
subfossils  taken  from  the  deepest  limnogenic  sediments  (170  cm)  to  the  upper  limit  of  the  peat  layer  (60 
cm)  indicates  that  the  lake  was  eutrophic,  mineral-rich,  and  surrounded  by  boreal  forest  for  much  of  its 
existence.  A  radiocarbon  date  of  1 1,240  ±  80  yr  BP,  taken  within  10  cm  of  the  upper  limit  of  limnogenic 
sediments,  suggests  that  the  lake  was  extinguished  at  an  early  time,  perhaps  before  the  demise  of  the 
boreal  forest.  The  lake  was  succeeded  by  an  emergent  marsh  and  finally  a  peat-forming  wetland  dominated 
by  bulrushes  (Scirpus  spp.).  Anthropogenic  re-routing  of  Spring  Creek  and  other  ditching  has  desiccated 
the  wetland,  and  only  farmland  remains.  Thirteen  plant  species  and  16  animal  species  (mostly  mollusks) 
were  recovered  from  the  site.  The  gastropod  assemblage  was  similar  to  other  late-glacial  and  Holocene 
marls  with  only  a  few  exceptions.  One  species  recorded  in  the  deposit,  Lymnaea  haldemanni,  is  no  longer 
extant  in  Indiana.  Helicodiscus  parellelus  and  Uniomerus  tetralasmus  are  reported  as  new  subfossil  records 
for  the  region.  The  giant  beaver  remains  are  presumed  to  have  been  deposited  circa  10,000  yr  BP.  the 
same  time  that  the  species  is  thought  to  have  gone  extinct. 

Keywords:     Castoroides,  Gastropoda,  Indiana,  lakes,  macrofossil,  paleoecology,  peatland,  Pleistocene 


The  giant  beaver,  the  largest  rodent  of  the  suggest  that  the  incisors  were  not  efficient  in 
North  American  Pleistocene,  is  surrounded  by  cutting  trees,  and  that  the  giant  beaver  did  not, 
controversy.  Much  of  this  controversy  in-  therefore,  construct  dams  (Powell  1948;  Stir- 
volves  whether  or  not  the  Pleistocene  giant  ton  1965;  Holman  1975,  1995;  Kurten  &  An- 
beaver  (Castoro ides  oh ioens is)  shared  feeding  derson  1980;  McDonald  1994).  Furthermore, 
and  behavioral  characteristics  with  the  modern  Hay  (1912)  had  long  before  noted  that  the 
beaver  {Castor).  Castoroides  ohioensis  at-  "pinching"  of  the  internal  pterygoid  plate  and 
tained  lengths  of  1.9-2.2  m  (6.2-7.2  feet)  and  other  alterations  of  the  skull  had  been  an  ac- 
weights  of  90-125  kg  (200-275  lbs)  (Mc-  commodation  for  the  insertion  of  large  inter- 
Donald  1994).  Early  studies  concluded  that  nal  pterygoid  muscles  into  the  pterygoid  fos- 
the  giant  beaver  felled  trees  and  built  dams  as  sae,  rather  than  a  cavity  for  air  reserves, 
does  the  modern  beaver  (e.g.,  Moore  1890;  Finally,  Holman  (1975,  1995)  related  that 
Hay  1912;  Cahn  1932).  Moreover,  the  medial  Castoroides  had  a  smaller  brain  with  a 
"pinching"  of  the  internal  pterygoid  plate  of  smoother  outer  surface  than  in  Castor,  sug- 
the  skull,  which  constricts  the  posterior  end  of  gesting  that  Castoroides  had  much  less  com- 
the  nasal  passage  into  upper  and  lower  vents  plex  behavior  patterns  and  social  interactions 
(Moore   1890;  Hay   1912;  Stirton  1965),  was  than  the  latter. 

thought  by  Stirton  (1965)  to  offer  a  greater  air  There  is  a  general  agreement  that   Casto- 

reserve  for  the  extended  underwater  activity  roides  thrived  in  lakes  and  ponds  that  were 

that  is  so  common  in  Castor.  Later  studies  bordered   by   swamps   (Powell    1948;   Stirton 
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1965;  Saunders  1977;  Kurten  &  Anderson 
1980;  Harington  1986;  Holman  1995)  as  well 
as  marsh  habitats  (Holman  1975,  1995).  The 
giant  beaver  is  thought  to  have  co-existed 
alongside  the  American  mastodont,  Mammut 
americanum  (Moore  1890;  Powell  1948;  Gra- 
ham et  al.  1983)  and  the  modern  beaver  (Har- 
ington 1986;  McDonald  1994).  Most  authors 
believe  that  Castoroides  was  a  good  swimmer, 
though  was  clumsy  on  land.  Its  habits  have 
been  envisioned  more  as  those  of  the  marsh- 
dwelling  muskrat  (Stirton  1965;  Kurten  &  An- 
derson 1980),  as  a  giant  "swamp  rat"  moving 
along  wide  trails  through  the  coarse  vegeta- 
tion of  the  marshy  shores  of  a  lake  or  across 
the  swampy  floodplain  of  a  glacial  river  (Pow- 
ell 1948),  or  as  a  "large,  clumsy  water  hog," 
meandering  about  in  marshes  and  ponds  feed- 
ing upon  aquatic  vegetation  (Holman  1975, 
1995).  It  is  thought  to  have  fed  upon  coarse 
leaves,  the  roots  of  sedges,  cattails,  and  other 
vegetation  (Powell  1948;  McDonald  1994). 
Many  authors  believe  that  a  reduction  or  loss 
of  its  preferred  habitat  at  the  end  of  the  Pleis- 
tocene and  perhaps  its  overspecialization,  in- 
cluding the  inability  to  disperse  readily  and  to 
build  dams,  contributed  to  its  extinction  (Stir- 
ton  1965;  Kurten  &  Anderson  1980;  Haring- 
ton 1986;  Holman  1995).  Direct  competition 
with  the  modern  beaver  may  also  have  been 
involved  (Powell  1948;  Kurten  &  Anderson 
1980;  Holman  1995). 

Although  Castoroides  remains  are  relative- 
ly frequent  in  Indiana,  few  of  those  remains 
have  been  recovered  in  a  context  that  allowed 
detailed  interpretation  of  the  rodent's  habitat. 
With  the  controversy  regarding  the  animals' 
behavior,  adaptations,  and  sudden  extinction, 
the  examination  of  the  plant  and  animal  sub- 
fossils  found  in  association  with  the  giant  bea- 
ver becomes  important.  Additionally,  the  pa- 
laeoecology  of  marl  deposits,  such  as  the 
Wilkinson  Locality  (described  herein),  in  gen- 
eral, has  received  less  scientific  attention  than 
peat  deposits.  Although  several  studies  have 
been  conducted  on  marl  deposits  in  North 
America  (Baker  1918;  Baker  1920;  Whittaker 
1921;  Russell  1934;  La  Rocque  1952;  Reyn- 
olds 1959;  Zimmerman  1960;  Swinehart 
1995),  the  study  of  macroscopic  subfossils  in 
Indiana's  marl  deposits  has  been  almost  en- 
tirely neglected.  Only  a  few  studies  have  been 
conducted.  (Baker  1920;  Swinehart  1995; 
Swinehart    &    Parker    2000;    and    a    note    in 


Blatchley  &  Ashley's  (1901)  treatise  on  the 
lakes  and  marl  deposits  of  the  northern  part 
of  the  State). 

The  present  paper  reports  on  macroscopic 
subfossils  recovered  from  the  Wilkinson  Giant 
Beaver  Locality  in  northeast  Indiana.  The  ob- 
jectives are  to:  1)  reconstruct  the  palaeoenvi- 
ronment  of  the  Wilkinson  giant  beaver  using 
macroscopic  subfossils  as  indicators,  2)  doc- 
ument, using  subfossils  and  stratigraphy,  the 
biological  and  limnological  changes  of  the 
wetland  from  time  of  creation  to  present,  3) 
compare  the  subfossils  of  the  Wilkinson  Site 
to  other  post-glacial  wetland  deposits  in  the 
southern  Great  Lakes  region,  and  4)  discuss 
the  presence  or  absence  of  modern  analogues 
of  the  Wilkinson  palaeoenvironment  in  the 
context  of  potential  Castoroides  habitat. 

STUDY  AREA 

The  Wilkinson  Locality  is  located  2.7  miles 
SE  of  Larwill,  Whitley  County,  Indiana 
(NWQ,  SWQ,  SWQ,  NEQ,  Sec."  14,  T31N, 
R8E,  Lorane  Quad).  The  area  is  situated  in  an 
outwash  channel  associated  with  the  interlo- 
bate  Packerton  Moraine  of  late-Wisconsin 
age.  The  outwash  channel  is  filled  with  marls, 
mucks,  and  peats  (Gray  1989);  and  these  de- 
posits are  traversed  by  Spring  Creek,  which 
flows  into  the  Eel  River.  The  bedrock  under- 
neath the  drift  is  composed  of  dolomite  and 
limestone  (Gray  1987),  and  the  glacial  drift  is 
also  limestone-rich.  These  qualities  impart  al- 
kaline waters  throughout  the  region  except  for 
a  few  rare  cases  where  biological  and  other 
processes  favor  acidification. 

The  study  site  is  dominated  by  limnic  and 
wetland  sediments  created  by  an  extinct,  shal- 
low lake  associated  with  Spring  Creek.  The 
original  course  of  Spring  Creek  was  changed 
as  early  as  the  late  1800's  by  extensive  ditch- 
ing. Subsequent  farming  has  resulted  in  an 
area  that  bears  little  resemblance  to  its  aquatic 
origins.  Figure  1  illustrates,  based  on  historic 
maps,  soil  surveys,  and  local  topography, 
what  the  site  might  have  looked  like  during 
pre-settlement  times. 

METHODS 

Field  methods.— Three  exploratory  trench- 
es were  dug  near  the  site  of  the  recovery  of  a 
Castoroides  femur  discovered  by  Monte 
Wilkinsen,  owner  of  the  site.  This  was  done 
initially  by  backhoe,  then  with  shovel,  and  fi- 
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Wilkinson  Giant  Beaver  Locality, 
Whitley  County 


Figure  1. — Map  showing  the  location  and  pre-settlement  physiography  of  the  Wilkinson  Giant  Beaver 
Locality,  Whitley  County,  Indiana.  Shaded  area  represents  the  known  extent  of  lake  deposits. 


nally  by  trowel  as  the  peat-marl  interface  (the 
level  where  the  bone  was  recovered)  was 
reached.  Because  no  additional  elements  of 
the  giant  beaver  were  located  during  initial 
trenching,  the  trenches  were  then  extended 
further  outward,  by  backhoe,  from  the  original 
spot  of  the  find  (Fig.  2).  Water  seepage  was 
periodically  pumped  out  of  the  trenches  with 
a  gasoline-powered  pump.  Initially,  randomly 
selected  bulk  samples  of  sediment  were 
washed  through  a  1.2  mm  mesh  screen  for 
recovery  of  vertebrate,  mollusk,  and  plant 
macrofossil  materials.  However,  only  plant 
macrofossils  and  mollusks,  and  no  vertebrates, 


were  recovered  by  this  sampling,  suggesting 
the  Castoroides  femur  was  a  solitary  bone  not 
associated  with  the  remainder  of  the  skeleton. 
Therefore,  a  more  systematic  method  was  im- 
plemented to  focus  on  the  palaeonvironment 
(plant  and  invertebrate  subfossils)  of  the  site. 
A  one  square-meter  column  of  sediment 
was  removed  by  trowel  at  10  cm  intervals 
from  the  surface  down  to  the  base  of  the  de- 
posit. The  sediments  were  then  transported  to 
screening  stations  for  washing,  and  the  result- 
ing concentrate  was  bagged  for  laboratory  re- 
washing,  sorting,  and  analysis.  Water  for 
screening  was   provided  by   pumps,  drawing 
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from  groundwater  seepage  from  a  nearby 
sump.  Additionally,  bulk  sediments  were  tak- 
en from  each  10  cm  depth  interval  and  bagged 
for  more  detailed,  quantitative  sampling  to  be 
conducted  in  the  laboratory. 

Laboratory  methods. — In  the  laboratory, 
all  concentrate  was  re-washed  to  remove  ad- 
ditional sand  and  clay.  The  resulting  concen- 
trate was  dried  and  examined  under  a  binoc- 
ular microscope  (10X),  and  the  subfossils 
were  hand  sorted.  Wood  samples  from  the  70— 
80  and  90-100  cm  depth  intervals  were  sub- 
mitted to  Beta  Analytic,  Inc.,  for  radiocarbon 
(l4C)  dating.  Swinehart  undertook  the  study  of 
plant  macrofossils,  mollusks,  and  the  sediment 
samples,  and  Richards  studied  the  few  verte- 
brate remains. 

Coarse,  medium,  and  fine  gravels,  as  well 
as  woody  and  fibrous  material  from  each 
depth  interval  were  separated,  oven-dried,  and 
weighed  with  a  Mettler  PE  360  balance.  Or- 
ganic subfossil  remains  from  the  bulk-screen- 
ing residues  from  all  depths  were  identified 
and  counted.  This  analysis  was  supplemental 
to  that  conducted  on  the  bulk  samples,  and 
resulted  in  the  documentation  of  infrequent 
macrofossils  not  encountered  in  the  sub-sam- 
pling of  bulk  material. 

Bulk  sediment  was  sub-sampled  in  the  lab- 
oratory for  macrofossil  analysis.  Subsamples 
of  50  cm3  volumes  from  each  10  cm  depth 
interval  were  obtained  by  water  displacement. 
Macrofossil  subsamples  were  dispersed  by 
gentle  agitation  in  warm  water.  Some  clasts  of 
sediment  required  breakage  by  hand  under- 
water. Dispersed  sediments  were  then  washed 
through  a  series  of  sieves,  the  smallest  being 
0.4  mm  mesh.  Sieve  residue  was  placed  into 
containers  and  analyzed  immediately.  All  rec- 
ognizable macrofossils  were  identified  and 
counted.  The  resulting  macrofossil  diagrams 
represent  the  number  of  fragments  per  50  cm3 
of  bulk  sediment  (Fig.  2).  Seeds  and  achenes 
were  identified  with  the  aid  of  Montgomery 
(1977),  Martin  &  Barkely  (1961),  and  Jessen 
(1955);  mosses,  Crum  &  Anderson  (1981);  bi- 
valves, Cummings  &  Mayer  (1992);  and  gas- 
tropods, Harmen  &  Berg  (1971).  Macrofossil 
diagrams  were  generated  using  Tilia©  and  Til- 
ia*Graph©  computer  software  (Grimm  1996). 
Voucher  specimens  of  macrofossils  were 
placed  in  vials  containing  60%  ethanol  and  are 
held  by  the  first  author  and  by  the  Indiana 
State  Museum. 


RESULTS 

Age  and  stratigraphy. — The  depth  of 
limnic  and  wetland  sediments  at  the  Wilkin- 
son Locality  was  170  cm.  The  underlying  ma- 
terial was  composed  of  glacial  outwash  that 
was  superseded  by  a  layer  of  silt  (10  cm). 
Most  of  the  profile  was  composed  of  marl. 
The  70-80  cm  and  90-100  cm  depths  had  ra- 
diocarbon dates  of  11,240  ±  80  yr  BP  and 
11,990  ±  90  yr  BP,  respectively.  The  marl  lay- 
er was  probably  produced  between  14,000  and 
10,500  yr  BP.  It  is  superseded  by  20  cm  of 
hemic  sedge  peat,  sand  and  humus.  The 
amount  of  coarse  gravel  (>  4  mm  diameter) 
remained  relatively  constant  throughout  the 
profile  but  increased  dramatically  near  the  top 
of  the  marl  stratum  before  disappearing  at  the 
initiation  of  the  peat  layer  (Fig.  2).  Smaller 
gravels  and  sands  were  present  throughout  the 
profile. 

Systematic  paleobiology. — Thirteen  plant 
taxa  and  sixteen  animal  taxa  were  recovered 
as  macroscopic  subfossils  (Fig.  2).  A  brief  dis- 
cussion of  each  is  presented  below. 

KINGDOM  PLANTAE 

Division  Bryophyta 
Family  Amblystegiaceae 

cf.  Campylium  stellatum  (Hedw.)  C. 
Jens. — Subfossil  Material:  Gametophyte  frag- 
ments (INSM  71.12.2901.001-.002;  Swine- 
hart #4B.4.3.16).  Occurrence:  Occasional  in 
marl  between  the  depths  of  120—140  cm.  Hab- 
itat: In  open,  wet  areas  of  highly  alkaline 
marshes  and  fens  (Crum  &  Anderson  1980). 
Also  found  in  swamps  and  on  wet  banks 
(Welch  1957). 

Division  Spermatophyta 
Family  Pinaceae 

Abies  balsamea  (L.)  Mill. — Subfossil  ma- 
terial: Leaf  fragments  (INSM  71.12.002901. 
003).  Occurrence:  Infrequent  in  marl,  silt,  and 
outwash  between  the  depths  of  100—165  cm. 
Habitat:  Coniferous  and  mixed  forests;  occa- 
sionally in  cedar  swamps,  fens,  and  bogs. 
Comments:  Other  macroscopic  subfossil  re- 
cords from  Indiana  include  Blueberry  Bog, 
Elkhart  County  (Swinehart  &  Parker  2000) 
and  Celery  Bog,  Tippecanoe  County  (Swine- 
hart unpubl.  data). 

Larix  laricina  (DuRoi)  K.  Koch. — Subfossil 
material:  Leaf  scarred  portions  of  twigs 
(INSM  7 1.1 2.00290 1.004-.005).  Occurrence: 
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Occasional  in  marl  and  silt  between  the  depths 
of  100—150  cm.  Habitat:  Swamps,  lakeshores 
and  stream  borders,  fens,  and  bogs.  Restricted 
to  peatlands  in  the  southern  portions  of  its 
range.  Pioneering  opportunists,  they  prefer 
open  areas  where  competition  for  light  with 
other  trees  is  minimal.  Comments:  Other  mac- 
roscopic subfossil  records  from  Indiana  in- 
clude Prairie  Creek  Site,  Daviess  County 
(Whitehead  &  Jackson  n.d.);  Blueberry  Bog, 
Elkhart  County  (Swinehart  &  Parker  2000); 
Christensen  Mastodont  Site,  Hancock  County 
(Whitehead  et  al.  1982);  Little  Arethusa  Bog, 
Kosciusko  County  (Swinehart  &  Parker 
2000);  Binkley  Fen  and  Ropchan  Memorial 
Bog,  Steuben  County  (Swinehart  &  Parker 
2000);  Celery  Bog,  Tippecanoe  County 
(Swinehart  unpubl.);  Shafer  Mastodont  Site, 
Warren  County  (Swinehart  1996). 

Pice  a  glauca  (Moensch)  Voss. — Subfossil 
material:  Leaves  and  cones  (INSM  71.12. 
002901.006;  Swinehart  #4B.4.14.15).  Occur- 
rence: Frequent  in  marl  and  silt  between  the 
depths  of  80—150  cm.  Also  present  in  outwash 
at  a  depth  of  165  cm.  Habitat:  Well-drained 
coniferous  swamps,  lakeshores  and  stream- 
borders,  mixed  forests  (Voss  1972),  and  oc- 
casionally in  peatlands;  mostly  in  boreal  cli- 
mates. Extinct  in  Indiana.  Comments:  Other 
macroscopic  subfossil  records  from  Indiana 
include  Prairie  Creek  Site,  Daviess  County 
(Whitehead  &  Jackson,  n.d.);  Bristol  Fen,  Elk- 
hart County  (Swinehart  1995);  Christensen 
Mastodont  Site,  Hancock  County  (Whitehead 
et  al.  1982);  Shafer  Mastodont  Site,  Warren 
County  (Swinehart  1996);  Aker  Mastodont 
Site,  Marshall  County  (Swinehart  unpubl. 
data). 

Family  Potamogetonaceae 

Potamogeton  praelongus  Wulfen. — Subfos- 
sil material:  Achenes  (INSM  71.12.002901. 
008-.01 1).  Occurrence:  Common  in  marl  be- 
tween the  depths  of  60-100  cm.  Habitat: 
Lakes,  in  water  up  to  7  m  (Voss  1972),  in 
clear  waters,  often  associated  with  Cerato- 
phyllum  demersum,  Najas  flexilis,  Potamoge- 
ton amplifolius,  P.  gramineus,  P.  natans,  P. 
pectinatus,  and  P.  robbinsii  (Swink  &  Wil- 
helm  1994). 

Potamogeton  pusillus  L. — Subfossil  mate- 
rial: Achenes  (INSM  71.12.002901.035).  Oc- 
currence: Infrequent  in  marl  and  silt  between 
the  depths  of  90-150  cm.  Habitat:  Lakes  and 


ponds  and  occasionally  quiet  waters  of 
streams,  in  shallow  waters  less  than  2  m  (Voss 
1972),  prefers  calcareous  waters,  often  asso- 
ciated with  Elodea  canadensis,  Myriophyllum 
exalbescens,  Najas  flexilis,  Nuphar  advena, 
Potamogeton  natans,  P.  nodosus,  P.  pectina- 
tus, P.  zosteriformis,  and  Vallisneria  ameri- 
cana  (Swink  &  Wilhelm  1994).  Comments: 
Other  macroscopic  subfossil  records  of  the  ge- 
nus Potamogeton  from  Indiana  include  Prairie 
Creek  Site,  Daviess  County  (Whitehead  & 
Jackson,  n.d.);  Blueberry  Bog  and  Bristol  Fen, 
Elkhart  County  (Swinehart  1995;  Swinehart  & 
Parker  2000);  Christensen  Mastodont  Site, 
Hancock  County  (Whitehead  et  al.  1982); 
Burket  Bog  and  Little  Arethusa  Bog,  Kosci- 
usko County  (Swinehart  &  Parker  2000);  Yost 
Bog,  Lagrange  County  (Swinehart  &  Parker 
2000);  Aker  Mastodont  Site,  Marshall  County 
(Swinehart  unpubl.  data);  Dutch  Street  Bog, 
Noble  County  (Swinehart  &  Parker  2000); 
Binkley  Fen,  Steuben  County  (Swinehart  & 
Parker  2000);  Shafer  Mastodont  Site,  Warren 
County  (Swinehart  1996). 

Family  Najadaceae 

Najas  flexilis  (Willd.)  Rostk.  &  F.W. 
Schmidt. — Subfossil  material:  Achenes 
(INSM  71.12.002901.012;  Swinehart  #4B.4. 
16.18).  Occurrence:  Extremely  abundant  in 
marl  throughout  the  60-130  cm  depths.  Hab- 
itat: Extremely  common  in  lakes,  ponds, 
marshes,  sloughs,  rivers  and  streams.  Also 
found  on  soft  bottoms  of  open  waters  in  peat- 
lands. Commonly  associated  with  Cerato- 
phyllum  demersum,  Elodea  canadensis,  Lem- 
na  minor,  Myriophyllum  exalbescens, 
Potamogeton  foliosus,  P.  natans,  P.  nodosus, 
P.  pectinatus,,  and  Vallisneria  americana 
(Swink  &  Wilhelm  1994).  Fruits  abundantly. 
Comments:  Other  macroscopic  subfossil  re- 
cords of  Najas  flexilis  from  Indiana  include 
Blueberry  Bog  and  Bristol  Fen  in  Elkhart 
County  (Swinehart  1995;  Swinehart  &  Parker 
2000);  Christensen  Mastodont  Site,  Hancock 
County  (Whitehead  et  al.  1982);  Burket  Bog, 
Little  Chapman  Bog,  and  Kaiser  Lake  Fen  in 
Kosciusko  County  (Swinehart  &  Parker 
2000);  Yost  Bog,  Lagrange  County  (Swinehart 
&  Parker  2000);  Aker  Mastodont  Site,  Mar- 
shall County  (Swinehart  unpubl.);  Dutch 
Street  Bog,  Tamarack  Bog,  and  Svoboda  Fen 
in  Noble  County  (Swinehart  1994;  Swinehart 
&   Parker  2000);   Binkley   Fen  and  Ropchan 
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Memorial  Bog  in  Steuben  County  (Swinehart 
&  Parker  2000);  and  the  Shafer  Mastodont 
Site,  Warren  County  (Swinehart  1996). 

Family  Cyperaceae 

Carex  sp. — Subfossil  material:  Aehenes 
(INSM  71.12.002901.015).  Occurrence:  In- 
frequent in  marl  and  silt  in  the  90-150  cm 
depths.  Habitat:  Variable.  Comments:  Other 
macroscopic  subfossil  records  of  Carex  from 
Indiana  include  Prairie  Creek  Site,  Daviess 
County  (Whitehead  &  Jackson,  n.d.);  Blue- 
berry Bog,  Elkhart  County  (Swinehart  & 
Parker  2000);  Christensen  Mastodont  Site, 
Hancock  County  (Whitehead  et  al.  1982); 
Burket  Bog,  Little  Chapman  Bog,  and  Kiser 
Lake  Fen  in  Kosciusko  County  (Swinehart  & 
Parker  2000);  and  Ropchan  Memorial  Bog, 
Steuben  County  (Swinehart  &  Parker  2000). 

Scirpus  acutus  (Muhl.). — Subfossil  materi- 
al: Aehenes  (INSM  71.12.002901.016; 
Swinehart  #4B.4. 16. 19).  Occurrence:  Ex- 
tremely abundant  in  marl  and  sedge  peat  be- 
tween the  depths  of  40—110  cm.  Habitat:  In 
shallow  water  or  wet  areas  around  lakes, 
ponds,  marshes,  and  flowing  waters;  also 
found  in  fens  and  marl  flats.  Scirpus  validus 
which  has  a  similar  achene  grows  in  similar 
habitats.  Comments:  Other  macroscopic  sub- 
fossil records  of  Scirpus  from  Indiana  include 
Blueberry  Bog,  Elkhart  County  (Swinehart  & 
Parker  2000);  Christensen  Mastodont  Site, 
Hancock  County  (Whitehead  et  al.  1982); 
Burket  Bog,  Little  Arethusa  Bog,  Little  Chap- 
man Bog,  and  Kiser  Lake  Fen  in  Kosciusko 
County  (Swinehart  &  Parker  2000);  Yost  Bog, 
Lagrange  County  (Swinehart  &  Parker  2000); 
Aker  Mastodont  Site,  Marshall  County 
(Swinehart,  unpubl.  data);  Dutch  Street  Bog, 
Noble  County  (Swinehart  &  Parker  2000); 
and  Binkley  Fen  and  Ropchan  Memorial  Bog 
in  Steuben  County  (Swinehart  &  Parker 
2000). 

Family  Nymphaeaceae 

Brasenia  schreberi  Gmel. — Subfossil  ma- 
terial: Seeds  (INSM  7 1.1 2.00290 1. 020-.02 1 ). 
Occurrence:  Frequent  in  marl  between  the 
80-100  cm  depths.  Habitat:  Quiet  ponds  and 
lakes,  usually  in  soft,  acid  waters  (Voss  1972); 
commonly  associated  with  Elodea  canadensis, 
Lemna  minor,  Myriophyllum  exalbescens,  Nu- 
phar  advena,  Nymphaea  odorata,  Polygonom 
amphibium,    Pontedaria   cordata,    Potamoge- 


ton  pectinatus,  Spirodela  polyrhiza,  and  Utri- 
cularia  vulgaris  (Swink  &  Wilhelm  1994). 
Comments:  Other  macroscopic  subfossil  re- 
cords of  Brasenia  schreberi  from  Indiana  in- 
clude Blueberry  Bog,  Elkhart  County  (Swine- 
hart &  Parker  2000);  Yost  Bog,  Lagrange 
County  (Swinehart  &  Parker  2000);  Burket 
Bog,  Little  Arethusa  Bog,  and  Little  Chapman 
Bog  in  Kosciusko  County  (Swinehart  &  Park- 
er 2000);  Dutch  Street  Bog  and  Tamarack  Bog 
in  Noble  County  (Swinehart  1994;  Swinehart 
&  Parker  2000);  and  Binkley  Fen,  Steuben 
County  (Swinehart  &  Parker  2000). 

Nymphaea  tuberosa  Paine. — Subfossil  ma- 
terial: Seeds  (INSM  7 1.1 2.00290 1.022-.024). 
Occurrence:  Infrequent  in  marl  between  the 
80-120  cm  depths.  Habitat:  Emergent  in  qui- 
et, shallow  water  of  lakes,  ponds,  rivers  and 
streams.  Often  associated  with  Brasenia 
schreberi,  Ceratophyllum  demersum,  Lemna 
minor,  Najas  flexilis,  Nuphar  advena,  and 
Pontedaria  cordata.  Comments:  Other  mac- 
roscopic subfossil  records  of  Nymphaea  from 
Indiana  include  Bristol  Fen  and  Blueberry 
Bog  in  Elkhart  County  (Swinehart  1994; 
Swinehart  &  Parker  2000);  Burket  Bog  and 
Little  Chapman  Bog  in  Kosciusko  County 
(Swinehart  &  Parker  2000);  and  Yost  Bog,  La- 
grange County  (Swinehart  &  Parker  2000). 

Nuphar  advena  Ait. — Subfossil  material: 
Seeds  (INSM  71.12.002901.025;  Swinehart 
#4B.4. 16. 17).  Occurrence:  Frequent  in  marl 
between  the  80-1  10  cm  depths.  Habitat: 
Emergent  in  quiet  waters  of  lakes,  ponds,  riv- 
ers, and  streams.  Often  associated  with  Bra- 
senia schreberi,  Ceratophyllum  demersum, 
Lemna  minor,  Nymphaea  tuberosa  and  Pon- 
tedaria cordata.  Comments:  Other  macro- 
scopic subfossil  records  of  Brasenia  schreberi 
from  Indiana  include  Bristol  Fen,  Elkhart 
County  (Swinehart  1994);  Christensen  Mas- 
todont Site,  Hancock  County  (Whitehead  et 
al.  1982);  Burket  Bog,  Little  Arethusa  Bog, 
and  Little  Chapman  Bog  in  Kosciusko  County 
(Swinehart  &  Parker  2000);  Aker  Mastodont 
Site,  Marshall  County  (Swinehart  unpubl. 
data);  Dutch  Street  Bog  and  Svoboda  Fen  in 
Noble  County  (Swinehart  &  Parker  2000); 
and  Ropchan  Memorial  Bog,  Steuben  County 
(Swinehart  &  Parker  2000). 

Family  Caprifoliaceae 

cf.  Triosteum  sp. — Subfossil  material:  Seed 
(INSM    71.12.002901.028).    Occurrence:    A 
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single  specimen  from  the  90-100  cm  depth. 
Habitat:  Dry  or  moist  woods.  Comments:  No 
other  records  are  known  from  Indiana. 

KINGDOM  ANIMALIA 

Phylum  Mollusca 
Family  Physidae 

Physa  sayii  Tappan. — Subfossil  material: 
Shells  (INSM  #7 1.1 0.2637. 8-.9;  Swinehart 
#4B.5.18.2).  Occurrence:  In  marl;  100-120 
cm.  Habitat:  This  species  is  common  to  still, 
shallow  waters  (0.3-0.8  m)  in  open  areas.  It 
prefers  moderate  vegetation  and  well-aerated 
water  (Zimmerman  1960).  While  Zimmerman 
(1960)  reports  that  P.  sayii  prefers  protected 
areas,  Harmen  &  Berg  (1971)  found  that  it 
was  most  common  in  exposed  areas.  Goodrich 
et  al.  (1944)  note  that  it  can  sometimes  be 
found  on  wave-battered  shores.  Comments: 
Holocene  subfossil  records  from  the  southern 
Great  Lakes  region  include;  Peoria  County,  Il- 
linois (Baker  1918),  Logan  County,  Ohio 
(Zimmerman  1960)  and  Kosciusko  County, 
Indiana  (Swinehart  &  Parker  2000).  While 
Zimmerman  (1960)  and  Swinehart  &  Parker 
(2000)  found  many  individuals  throughout  the 
Ohio  and  Indiana  marl  deposits,  respectively, 
Baker  (1918)  found  only  one  juvenile  in  Illi- 
nois. The  species  was  infrequent  at  the  Wil- 
kinson site  and  restricted  to  the  100—120  cm 
depths.  Physa  sayii  is  presently  common  in 
northern  Indiana  in  lakes  and  occasionally  in 
streams  (Goodrich  et  al.  1944). 

Family  Lymnaeidae 

Lymnaea  cf.  L.  humilis  Say. — Subfossil  ma- 
terial: Shells  (INSM  #71.10.2637. 1-. 7; 
Swinehart  #4B.5.18.1).  Occurrence:  In  marl 
between  80-110  cm.  Also  in  silt  at  140-150 
cm.  Habitat:  Harmen  &  Berg  (1971)  report 
this  species  as  inhabiting  exposed  mud  flats, 
where  they  forage  between  the  gravels  with 
their  shells  partially  exposed  to  the  air.  Good- 
rich et  al.  (1944)  also  report  this  species  as 
inhabiting  mud  flats.  Comments:  Subfossil  re- 
ports for  this  species  in  the  southern  Great 
Lakes  region  come  from  Blatchley  &  Ashley 
(1901)  from  marls  taken  from  North  Mud 
Lake,  Fulton  County, .  Indiana;  Baker  (1920) 
from  Flat  Rock  River,  Bartholomew  County, 
Indiana;  Swinehart  (1995)  from  Elkhart  Coun- 
ty, Indiana  (misidentified  as  L.  palustris);  and 
Swinehart  &  Parker  (2000)  from  Kosciusko 
County,  Indiana.  Blatchley  &  Ashley  (1901) 


found  the  species  occupying  12%  of  the  total 
mollusks  in  the  Fulton  County  deposit.  Swine- 
hart (1995)  found  it  to  be  abundant  in  the  Elk- 
hart County  deposit  but  infrequent  in  the  Kos- 
ciusko County  deposit.  It  was  infrequent 
throughout  the  marl  layer  in  the  present  study. 
Similar  species  under  the  generic  synonyms  of 
Galba,  Fossaria  and  Stagnicola  are  common 
in  Holocene  marls  of  the  region  (see  Baker 
1918;  La  Rocque  1952;  La  Rocque  &  Forsy- 
the  1957;  Reynolds  1959;  Zimmerman  1960). 
Goodrich  et  al.  (1944)  recognize  two  subspe- 
cies in  Indiana's  current  mollusk  fauna,  L.  hu- 
milis modicella  and  L.  humilis  rustica,  but  re- 
cords of  their  current  distribution  in  the  State 
are  incomplete. 

Lymnaea  haldemani  Binney. — Subfossil 
material:  Shells  (INSM  #71.10.2637.10; 
Swinehart  #4B.5.18.9).  Occurrence:  In  marl 
in  the  80-90  cm  and  100-110  cm  depths. 
Habitat:  Common  in  shallow  waters  (0.3-1  m) 
of  larger  lakes  in  abundant  vegetation.  It  pre- 
fers sheltered  bays,  and  is  commonly  found 
on  floating  vegetation  and  on  the  undersides 
of  waterlilies  (Zimmerman  1960).  It  has  also 
been  found  on  rotting  Typha  leaves  (Harmen 
&  Berg  1971).  This  species  is  always  found 
in  limited  numbers  (Zimmerman  1960).  Com- 
ments: The  only  other  known  Holocene  sub- 
fossil record  for  this  species  in  the  southern 
Great  Lakes  region  is  from  Zimmerman 
(1960)  from  Logan  County,  Ohio.  The  fragile 
nature  of  the  shell  along  with  the  fact  that  liv- 
ing specimens  of  this  species  are  rarely  found 
in  large  numbers  limits  palaeoecological  in- 
ferences regarding  post-glacial  populations 
and  distribution.  Shells,  always  fragmentary, 
were  rare  in  the  Wilkinson  deposit.  Lymnea 
haldemani  is  not  known  to  exist  presently  in 
Indiana. 

Family  Planorbidae 

Helisoma  anceps  (Menke). — Subfossil  ma- 
terial: Shells  (INSM  #7  1 .  10.2637. 1  1-.  16; 
Swinehart  #4B.5.18.4).  Occurrence:  Frequent 
in  marl  and  silt  between  the  60-150  cm 
depths.  Habitat:  Common  in  shallow  waters 
(<  1  m)  with  abundant  vegetation.  While 
Reynolds  (1959)  reports  that  it  prefers  ex- 
posed habitats  of  open  lakes,  Harmen  &  Berg 
(1971)  found  it  most  commonly  on  inorganic 
substrates  in  protected  areas  of  ponds  as  well 
as  quiet  pools  of  small  streams.  Comments: 
Holocene  subfossil  records  for  the  southern 
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Great  Lakes  region  include  Mahomet,  Illinois 
(Baker  1918),  McLean  County,  Illinois  (Baker 
1930),  Fulton  County,  Indiana  (Blatchley  & 
Ashley  1901),  Bartholomew  County,  Indiana 
(Baker  1920),  Elkhart  County,  Indiana 
(Swinehart  1995),  Kosciusko  County,  Indiana 
(Swinehart  &  Parker  2000),  Ross  County, 
Ohio  (Reynolds  1959)  and  Logan  County, 
Ohio  (Baker  1920;  Zimmerman  1960).  The 
species  is  relatively  abundant  in  the  reported 
deposits.  Probably  common  in  the  lake  region 
of  Indiana  at  present. 

Helisoma  campanulata  (Say). — Subfossil 
material:  Shells  (INSM  #71.10.2637. 17.19); 
Swinehart  #4B.5. 18.1 1).  Occurrence:  Fre- 
quent in  marl  between  the  80-130  cm  depths. 
Habitat:  Occurs  in  shallow  waters  of  varying 
substrates  in  both  protected  and  wave  battered 
areas  (Zimmerman  1960).  Harmen  &  Berg 
(1971)  found  it  mostly  on  inorganic  substrates 
of  small  marshy  lakes.  They  rarely  found  it 
associated  with  other  Helisoma  spp.,  with  the 
exception  of  H.  anceps  and  H.  trivolvis.  Dex- 
ter (1950)  found  the  species  to  be  common  in 
Chara/Myriophyllum,  NymphaealPon teda ha , 
and  Decodon  zones  of  a  basic  bog  lake  in 
Ohio.  Comments:  Holocene  subfossil  records 
for  H.  campanulata  in  the  southern  Great 
Lakes  region  come  from  Mahomet,  Illinois 
(Baker  1918),  Elkhart  County,  Indiana 
(Swinehart  1995),  Kosciusko  County,  Indiana 
(Swinehart  &  Parker  2000),  and  Logan  Coun- 
ty, Ohio  (Baker  1920;  Zimmerman  1960).  Al- 
though present  throughout  many  marl  depos- 
its, this  species  is  usually  found  in  relatively 
low  numbers  at  any  given  depth.  Presently,  H. 
campanulata  is  common  in  the  lake  area  of 
Indiana  (Goodrich  et  al.  1944). 

Gyraulus  cf.  G.  parvus  (Say). — Subfossil 
material:  Shells  (INSM  #7 1.1 0.2637. 20-.26; 
Swinehart  #4B.5.18.7).  Occurrence:  Abun- 
dant in  marl  between  the  depths  of  60-140 
cm.  Rare  between  140—165  cm.  Habitat:  Oc- 
curs in  small,  shallow,  protected  waters  (Zim- 
merman 1960),  especially  in  ponds  and  back- 
waters with  dense  aquatic  vegetation  (Harmen 
&  Berg  1971).  Dexter  (1950)  found  it  in  all 
but  the  Larix  and  Quercus-Fagus-Ulmus 
zones  of  an  Ohio  peatland.  Comments:  Rec- 
ords of  Holocene  subfossils  of  G.  parvuslal- 
tissimus  in  the  southern  Great  Lakes  region 
include  McLean  County,  Illinois  (Baker 
1930),  Fulton  County,  Indiana  (Blatchley  & 
Ashley      1901),     Elkhart     County,     Indiana 


(Swinehart  1995),  Kosciusko  County,  Indiana 
(Swinehart  &  Parker  2000),  Madison  County. 
Ohio  (La  Rocque  1952),  Ross  County,  Ohio 
(Reynolds  1959),  and  Logan  County,  Ohio 
(Zimmerman  1960).  Gyraulus  parvus! altissi- 
mus  is  usually  very  abundant  in  post-glacial 
marl  deposits.  Presently  found  throughout  In- 
diana (Goodrich  et  al.  1944). 

Promenetus  exacuosus  (Say). — Subfossil 
material:  One  shell.  Occurrence:  In  marl, 
100-110  cm.  Habitat:  Found  in  quiet  waters 
associated  with  many  types  of  substrates 
(Zimmerman  1960),  but  mostly  over  sand  and 
mud  with  thick  vegetation  (Reynolds  1959). 
La  Rocque  (1952)  reports  that  it  is  most  com- 
mon in  marshy  areas  or  mud  flats  with  pH's 
from  7-7.6.  Similarly,  Harmen  &  Berg  (1971) 
found  it  most  commonly  in  cattail  marshes  on 
the  undersides  of  dead,  floating  Typha  leaves. 
Dexter  (1950)  found  it  abundantly  in  the  Nym- 
phaea/Pontedaria,  Potamogeton,  and  Deco- 
don zones.  It  is  locally  associated  with  the  al- 
gae Cladophora  and  Oedogonium  (Reynolds 
1959).  Zimmerman  (1960)  reports  that  P.  ex- 
acuosus is  most  common  to  cooler  waters,  and 
dense  vegetation  favors  the  lower  tempera- 
tures that  it  seems  to  prefer.  Comments:  Ho- 
locene subfossil  records  for  P.  exacuosus  in 
the  southern  Great  Lakes  region  include  Ful- 
ton County,  Indiana  (Blatchley  &  Ashley 
1901),  Madison  County,  Ohio  (La  Rocque 
1952),  Ross  County,  Ohio  (Reynolds  1959), 
and  Logan  County,  Ohio  (Baker  1920,  Zim- 
merman 1960).  Although  its  presence  is  not 
uncommon  in  Holocene  marls,  it  usually  oc- 
curs in  small  numbers.  Goodrich  et  al.  (1944) 
assumed  that  it  is  currently  found  throughout 
Indiana. 

Family  Hydrobiidae 

Amnicola  limosa  (Say). — Subfossil  materi- 
al: Shells  (INSM  #71.10.2637 '.27- ,31;  Swine- 
hart #4B.5.18.13).  Occurrence:  Abundant  in 
marl  between  70-130  cm.  Habitat:  Common 
in  protected  areas  of  shallow  lakes  and  muddy 
bays  in  0-3  m  of  water  (Zimmerman  1960). 
It  is  also  found  in  marshes,  ponds,  temporary 
stream  pools,  creeks  and  rivers  (Harmen  & 
Berg  1971).  Reynolds  (1959)  reports  that  it 
has  been  found  in  brackish  water  as  well  as 
freshwater  and  prefers  sandy  substrates  with 
dense  beds  of  Chara,  Potamogeton,  Vallis- 
neria,  and  Elodea.  Dexter  (1950)  reports  it 
from    the    Chara/Myriophyllum,    Nymphaeal 
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Pontedaria,  and  Decodon  zones.  Zimmerman 
(1960)  states  the  most  important  limiting  fac- 
tor for  this  species  is  vegetation  (preferably 
abundant)  and  protection  from  exposure.  He 
also  reports  that  this  species  can  endure  long 
periods  of  emergence  as  long  as  it  remains 
moist,  but  unusually  high  water  temperatures 
can  rapidly  exterminate  it  from  a  waterbody. 
Comments:  Holocene  subfossil  records  of  A. 
limosa/leightoni  in  the  southern  Great  Lakes 
region  include  Mahomet,  Illinois  (Baker 
1918),  McLean  County,  Ohio  (Baker  1930), 
Fulton  County,  Indiana  (Blatchley  &  Ashley 
1901),  Bartholomew  County,  Indiana  (Baker 
1920),  Elkhart  County,  Indiana  (Swinehart 
1995),  Kosciusko  County,  Indiana  (Swinehart 
&  Parker  2000),  Ross  County,  Ohio  (Reynolds 
1959),  and  Logan  County,  Ohio  (Zimmerman 
1960).  This  species  is  usually  very  abundant 
in  Holocene  marl  deposits.  Presently  found 
throughout  Indiana,  especially  in  the  lake  area 
(Goodrich  et  al.  1944) 

Amnicola  lustrica  Pilsbry. — Subfossil  ma- 
terial: Shells  (INSM  #71.10.2637.32-.34; 
Swinehart  #4B.5.18.10).  Occurrence:  Infre- 
quent in  marl  between  the  depths  of  70-120 
cm.  Habitat:  This  species  is  less  common  than 
A.  limosa,  although  it  occupies  similar  habi- 
tats (Harmen  &  Berg  1971).  It  prefers  shallow 
(0-2  m),  highly  vegetated  waters,  where  it  of- 
ten inhabits  filamentous  algae  (Zimmerman 
1960).  Comments:  Holocene  records  for  A. 
lustrica  include  Fulton  County,  Indiana 
(Blatchley  &  Ashley  1901),  Bartholomew 
County,  Indiana  (Baker  1920),  Elkhart  Coun- 
ty, Indiana  (Swinehart  1995),  Kosciusko 
County,  Indiana  (Swinehart  &  Parker  2000), 
and  Logan  County,  Ohio  (Baker  1920;  Zim- 
merman 1960).  It  is  presently  found  in  the 
lake  area  of  Indiana. 

Family  Valvatidae 

Valvata  sincera  Say. — Subfossil  material: 
Shells  (INSM  #71.10.2637.42^.44;  Swinehart 
#4B.5.18.12).  Occurrence:  Frequent  in  marl; 
1  10-140  cm.  Habitat:  This  species  is  reported 
as  being  primarily  from  deep  water  (5—6  m), 
usually  below  3  m  in  depth,  of  cold  lakes  with 
limited  vegetation  (Zimmerman  1960).  Har- 
men &  Berg  (1971)  found  it  at  a  depth  of  5 
m.  Comments:  Holocene  subfossil  records  for 
V.  sincera  include  Urbana,  Illinois  (Baker 
1920),  Elkhart  County,  Indiana  (Swinehart 
1995),  Kosciusko  County,  Indiana  (Swinehart 


&  Parker  2000)  and  Logan  County,  Ohio 
(Zimmerman  1960).  A  similar  species  V.  lew- 
isi  was  reported  for  Madison  County,  Ohio  by 
La  Rocque  (1952).  Valvata  sincera  is  often 
found  in  association  with  V.  tricarinata  but  in 
much  fewer  numbers.  Valvata  sincera  is  pres- 
ently common  in  lakes  in  northern  Indiana. 

Valvata  tricarinata  (Say). — Subfossil  ma- 
terial: Shells  (INSM  #71. 10.2637. 35-.41; 
Swinehart  #4B.5.18.8).  Occurrence:  Abun- 
dant in  marl  between  the  60-140  cm  depths. 
Occasional  in  silt  and  outwash  between  140- 
165  cm.  Habitat:  Inhabits  a  wide  variety  of 
conditions  but  is  most  common  to  lakes.  Har- 
men &  Berg  (1971)  report  that  most  speci- 
mens from  lotic  conditions  are  depauperate. 
Dexter  (1950)  found  it  to  be  common  in  the 
Chara/Myriophyllum,  Potamogeton,  Nym- 
phaea/ Pontedaria  and  Decodon  zones.  Reyn- 
olds (1959)  reports  that  the  species  is  partial 
to  firm  bottoms  and  is  usually  associated  with 
Oedogonium,  Cladophora  and  Vaucheria. 
Comments:  Holocene  subfossils  of  V.  tricar- 
inata in  the  southern  Great  Lakes  region  have 
been  reported  for  Urbana,  Illinois  (Baker 
1920),  Mahomet,  Illinois  (Baker  1920),  Mc- 
Lean County,  Illinois  (Baker  1930),  Barthol- 
omew County,  Indiana  (Baker  1920)  Elkhart 
County,  Indiana  (Swinehart  1995),  Kosciusko 
County,  Indiana  (Swinehart  &  Parker  2000), 
Logan  County,  Ohio  (Baker  1920;  Zimmer- 
man 1960),  and  Ross  County,  Ohio  (Reynolds 
1959).  This  is  one  of  the  most  widely  distrib- 
uted and  abundant  mollusks  of  Holocene 
marls.  Goodrich  et  al.  (1944)  speculate  that 
this  was  one  of  the  first  aquatic  mollusks  to 
re-invade  newly  deglaciated  areas.  It  presently 
occurs  throughout  Indiana  (Goodrich  et  al. 
1944). 

Family  Endodontidae 
Helicodiscus  parallelus  (Say). — Subfossil 
material:  One  shell  (Swinehart  #4B.5.18.3). 
Occurrence:  In  marl,  60-70  cm.  Habitat: 
Goodrich  et  al.  (1944)  report  this  species  as 
being  most  common  in  flood  plains.  Com- 
ments: Accounts  of  this  species  in  other  Ho- 
locene marls  are  not  known.  Only  a  single 
specimen  was  recovered  from  the  Wilkinson 
site.  The  species,  presently,  is  distributed 
throughout  Indiana. 

Family  Sphaeridae 
Pisidium    sp. — Subfossil    material:    Shells 
(INSM  #71.10.2637.45.50;  Swinehart  #4B.5. 
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18.6).  Occurrence:  Abundant  in  marl  between 
60-140  cm.  Occasional  in  silt  and  outwash 
between  140-165  cm.  Habitat:  Variable. 
Comments:  Common  in  Holocene  marls. 

Sphaerium  sp. — Subfossil  material:  Shells 
(INSM  #71.1 0.2637.5  1-. 54;  Swinehart 
#4B.5.18.14).  Occurrence:  Frequent  in  marl 
and  silt  between  60-150  cm.  Habitat:  Vari- 
able. Comments:  Common  in  Holocene  marls. 

Family  Unionidae 

cf.  Uniomerus  tetralasmus  (Say). — Subfos- 
sil material:  Single  specimen  (both  valves) 
(INSM  #71.10.2637.).  Occurrence:  In  marl; 
60-70  cm.  Habitat:  Common  in  ponds,  small 
creeks,  and  headwaters  of  larger  streams  in 
mud  or  sand  (Cummings  &  Mayer  1992). 
May  withstand  desiccation  and,  as  a  result,  is 
often  found  where  other  mussels  are  absent 
(Cummings  &  Mayer  1992).  Comments: 
There  are  no  known  Holocene  subfossil  re- 
cords for  this  species  in  the  Midwest. 

Phylum  Chordata  (Subphylum  Vertebrata) 

Class  Aves 

Order  Anseriformes 

Family  Anatidae 

Branta  canadensis,  (Canada  Goose). — Sub- 
fossil material:  Left  ulna,  distal  2/5  (INSM 
#71.3.143.1).  Habitat:  Historically,  the  Cana- 
da goose  was  a  common  migrant  and  perma- 
nent resident  of  the  state.  It  favors  larger  bod- 
ies of  water  adjacent  to  extensive  marshland, 
but  may  be  found  on  nearly  any  aquatic  hab- 
itat (Mumford  &  Keller  1984). 

Class  Mammalia 

Order  Rodentia 

Family  Castoridae 

Castoroides  ohioensis,  (giant  beaver). — 
Subfossil  Material:  Right  femur,  lacking  me- 
dial condyle  area;  recovered  in  two  pieces 
(INSM  #71.3.128).  Occurrence:  Recovered 
on  surface  from  soils  dug  from  trench.  Be- 
cause trenching  extended  only  down  into  the 
upper  few  inches  of  marl,  and  because  the  fe- 
mur was  impacted  with  mollusk-rich  marl,  it 
is  likely  that  the  femur  originally  occurred 
within  the  upper  few  inches  of  the  marl  level, 
likely  within  the  60-70  cm  depth.  Habitat: 
Because  the  species  is  extinct  its  habitat  pref- 
erence and  habits  are  not  known  for  sure. 
However,  the  functional  morphology  of  skel- 
etal elements  (discussed  above)  and  ecological 


associations  (discussed  below)  do  provide 
some  insight.  Comments:  Including  the  pre- 
sent, there  are  16  credible  published  records 
for  Indiana:  Boone  County,  Jamestown  (Hay 
1912);  Cass  County,  Logansport  (Martin 
1912;  Hay  1912);  Daviess  County,  Prairie 
Creek  Site  (Tomak  1975);  Dekalb  County,  un- 
specified locality  (Cahn  1932);  Grant  County, 
Fairmount  (Hay  1912,  1912b);  Hancock 
County,  Greenfield  vicinity  (Moore  1893); 
Hancock  County,  Christensen  mastodont  lo- 
cality (Graham,  Holman  and  Parmalee  1983); 
Madison  County,  Summitville  (Hay  1912); 
Martin  County,  Shoals  (Adams  1946);  Miami 
County,  Macy  (Hay  1923);  Newton  County, 
Mount  Ayr  (Cahn  1932);  Randolph  County, 
Winchester/Union  City  (Moore  1890,  1893); 
St.  Joseph  County,  unspecified  locality  (En- 
gels  1931);  Starke  County,  Grovertown  (Hay 
1923);  Wayne  County,  Richmond  (Moore 
1893);  Whitley,  Wilkinson  locality  (present). 
Three  additional  early  published  records  can- 
not be  substantiated:  Carroll  County  (Cope  & 
Wortman  1884);  Kosciusko  County  (Cope  & 
Wortman  1884);  and  Vanderburgh  County 
(Collett  1876).  Remains  from  four  additional 
localities  (Madison,  Pike,  Wayne  and  Whitley 
Counties)  have  not  yet  been  published  upon, 
and  will  not  be  detailed  here. 

Castor  canadensis,  (Beaver). — Subfossil 
material:  Anterior  lumbar/posterior  thoracic 
vertebra,  neural  arch  only,  lacking  spine 
(INSM  #  71.3.143.2).  Habitat:  In  Indiana,  the 
beaver  is  most  abundant  in  the  lakes,  marshes, 
and  streams  of  the  northern  part  of  the  state 
(Mumford  &  Whitaker  1982).  Comments:  The 
vertebra  was  from  the  Thoracic  T-l  1  through 
T-14,  or  lumbar  L-l  or  L-2  part  of  the  series. 
A  subadult  was  represented.  It  is  interesting 
that  remains  of  the  modern  beaver  occurred 
stratigraphically  earlier  on  the  Wilkinson  lo- 
cality than  those  of  the  giant  beaver. 

Order  Artiodactyla 

Large  Artiodactyla,  sp.  indet. — Subfossil 
material:  Molariform  enamel  portion  (INSM 
#  71.3.143.3).  Comments:  Crown  enamel  por- 
tion from  hypsodont  molariform  tooth  that  in- 
cludes one  fossette.  The  enamel  is  relatively 
unworn. 

DISCUSSION 

Geologic  history. — The  Wilkinson  Site, 
began  as  a  raging  meltwater  river  that  depos- 
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ited  clean,  sorted  glacial  drift  in  a  channel  on 
the  Packerton  Moraine.  As  the  meltwaters 
slowed,  a  few  organic  remains  indicative  of 
the  surrounding  forest  composition  were  left 
behind  in  the  outwash.  Finally,  stagnation  of 
the  water  resulted  in  settling  of  finer  materials, 
primarily  silts,  which  blanketed  the  outwash. 
A  shallow  lake  remained,  and  an  inlet  and  out- 
let were  maintained  by  Spring  Creek,  which 
provided  ample  drainage  and  oxygen-  and  nu- 
trient-rich water.  It  may  also  have  been  the 
source  of  occasional  conifer  remains,  which 
indicate  a  surrounding  forest  of  Picea  glauca, 
Abies  balsamea  and  Larix  laricina.  Infrequent 
remains  of  charred  wood  suggest  occasional 
fires. 

The  waters  feeding  Wilkinson  Lake  were 
nearly  saturated  with  bicarbonates  brought 
into  solution  via  contact  with  the  characteris- 
tically lime-rich  glacial  till.  Because  the  marl 
in  the  basin  did  not  appear  to  be  formed  whol- 
ly- or  partially  by  the  calcium  carbonate  tests 
of  Chara  thalli  (none  were  recovered),  it  can 
be  assumed  that  the  primary  source  of  the 
marl  precipitate  was  the  uptake  of  C02  by 
phytoplankton  and  littoral  vegetation,  or  pos- 
sibly the  flow  of  sub-terranian  aquifers  into 
the  lake.  The  shallow  nature  of  the  lake  meant 
that  the  trophogenic  zone  extended  to  the  sub- 
strate throughout,  and  carbon  dioxide  levels 
were  probably  low  throughout  the  water  col- 
umn. This  would  hinder  most  marl  precipi- 
tates from  being  brought  back  into  solution  as 
bicarbonate. 

The  Castoroides  femur  occurred  at  a  level 
when  coarse  gravel  had  also  been  deposited, 
possibly  accounting  for  the  stream  transport 
and/or  scattering  of  unburied  skeletal  remains. 
(This  was  also  a  period  when  molluscan  re- 
mains were  becoming  sparse,  suggesting  at 
least  periodic  drying  of  the  habitat.  A  gradual 
increase  in  Najas  and  Scirpus  remains  coin- 
cides with  the  decrease  in  mollusks). 

Vegetation. — The  early  submergent  flora 
was  composed  of  pondweeds  such  as  Pota- 
mogeton  pusillus  and  Najas  flexilis.  Both  are 
characteristic  of  mineral-rich  waters.  The  Na- 
jas eventually  became  extremely  abundant,  at 
least  as  evidenced  by  the  abundant  remains  of 
its  achenes  in  the  sediment.  While  Najas  and 
additional  submergent  vegetation,  such  as  Po- 
tamogeton  praelongus,  became  important 
members  of  the  flora,  emergent  vegetation  be- 
gan to  appear.  Nymphaea  odorata,  Nuphar  ad- 


vena  and  Brasenia  schreberi,  because  of  the 
shallow  depth,  probably  grew  across  the  entire 
water  body. 

As  vegetative  remains  and  marl  began  to 
fill-in  the  shallower  margins  of  Wilkinson 
Lake,  bulrushes  (Scirpus  validus  and  Scirpus 
acutus)  took  hold  and  colonized.  While  most 
were  probably  restricted  to  the  marginal  wet- 
lands, many  probably  invaded  the  shallow  wa- 
ters of  the  open  lake.  It  is  this  marsh  environ- 
ment where  the  giant  beaver  lived,  died,  and 
was  buried.  Eventually,  the  open  water  filled- 
in  entirely,  and  a  sedge-  and  bulrush-domi- 
nated wetland  remained.  Spring  Creek  main- 
tained its  presence  in  the  area,  and  probably 
changed  course  many  times  as  it  traversed  the 
sedge  meadow.  The  creek  carried  sediments, 
and  sometimes  gravels,  that  were  deposited 
along  its  course.  During  spring  snowmelt,  fast 
moving  waters  would  carry  large  gravels  into 
the  wetland.  This  may  explain  the  curious 
abundance  of  coarse  gravel  in  strictly  limnic 
sediments  below  the  marl/peat  interface. 

Mollusks. — Based  on  modern  analogues,  it 
is  concluded  that  the  molluscan  fauna  encoun- 
tered in  the  marls  of  the  Wilkinson  site  indi- 
cates the  area  was  once  a  relatively  small, 
shallow,  wind-sheltered  lake  with  moderate  to 
heavy  vegetation  cover  and  the  presence  of 
muddy  or  marly  flats.  The  mollusks  give  some 
indication  of  the  water  quality  in  Wilkinson 
Lake.  Based  on  ecological  amplitudes  provid- 
ed by  Harmen  &  Berg  (1971)  the  composition 
of  the  mollusk  assemblage  at  Wilkinson  Lake 
suggests  that  the  water  probably  maintained 
pH  values  of  7-8.5,  alkalinity  values  of  100- 
150  ppm,  and  dissolved  oxygen  values  of  10- 
14  ppm. 

The  decline  of  mollusks  at  the  end  of  marl 
production  is  attributed  to  the  closure  of  open 
water  habitat  and  the  transition  to  a  sedge 
meadow.  Given  the  position  and  age  of  the 
radiocarbon  dates,  Wilkinson  Lake  and  the 
subsequent  sedge  meadow  probably  extin- 
guished long  before  the  demise  of  the  boreal 
forest. 

By  far  the  most  abundant  mollusks  through- 
out the  marls  of  the  Wilkinson  deposit  were 
Valvata  tricarinata,  Gyraulus  parvus,  Amni- 
cola  limosa  and  Pisidium  spp.  Similarly, 
Swinehart  (1995,  unpubl.  B.A.  thesis,  Goshen 
College)  found  these  species  to  be  the  most 
abundant  throughout  the  Bristol  Fen  deposit 
in  Elkhart  County,  Indiana.  Reynolds  (1959) 
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Figure  3. — Approximate  number  of  mollusk  shells  per  0. 1   m3  of  bulk  sediment  at   10  cm  intervals 
throughout  the  Wilkinson  sediment  profile. 


and  Zimmerman  (1960)  also  found  Valvata 
tricarinata,  A.  leightoni  {cf.  G.  limosa)  and 
Gyraulus  altissimus  {cf  G.  parvus)  as  being 
among  the  most  abundant.  All  of  these  species 
indicate  a  shallow,  weedy  lake.  The  estimated 
number  of  mollusks  for  each  0. 1  m3  volume 
for  each  depth  increased  rapidly,  then  sharply 
at  120  cm  to  over  168,000  (Fig.  3)  before  de- 
creasing again  to  zero  near  the  70  cm  depth. 
The  120  cm  depth  also  had  the  greatest  rich- 
ness of  mollusks.  It  is  assumed  that  the  great 
abundance  and  richness  of  mollusk  taxa  at  this 
level  is  a  function  of  ample  food  and  high 
habitat  heterogeneity.  As  the  water  became 
shallower,  aquatic  vegetation,  including  algae 
(an  important  food  source),  probably  in- 
creased, creating  both  a  variety  of  food  items 
as  well  as  structure  (e.g.,  submergent,  floating, 
and  emergent  vegetation).  Continued  shallow- 
ing of  the  water  and  closing  of  open  water 
probably  reduced  light  and  oxygen  levels  suf- 
ficiently to  rob  many  species  of  suitable  food 
and  habitat. 

A  few  conclusions  can  be  made  about  con- 
ditions in  the  lake  from  some  of  the  less  abun- 
dant species.  Valvata  sincera  dropped  out  of 
the  assemblage  early  in  the  filling  of  Wilkin- 


son Lake.  Since  this  species  has  been  noted 
as  preferring  deeper  water,  its  demise  may 
have  been  facilitated  early  by  sediment  in-fill- 
ing. The  appearance  of  Helicodiscus  paralle- 
lus  at  the  marl/peat  interface  is  indicative  of 
a  transition  from  open  water  to  wetland  con- 
ditions. The  near  absence  of  unionid  mussels 
from  the  deposit  may  indicate  that  few  fishes 
were  present,  as  unionids  usually  require  fish- 
es as  hosts  for  their  parasitic  larvae.  Corre- 
spondingly, no  fish  scales  or  fish  bones  were 
recovered  from  the  deposit. 

CONCLUSIONS 

Early  post-glacial  lakes. — The  discovery 
of  limnic  deposits  from  lakes  and  wetlands 
that  have  long  ago  extinguished  (so  long  ago 
that  their  aquatic  origins  are  often  topograph- 
ically obscured),  not  only  emphasizes  the  re- 
ality of  classic  hydrarch  succession  (despite 
heated  objections  to  it  on  the  part  of  many 
ecologists),  it  also  provides  an  invaluable  ar- 
chive for  understanding  the  palaeoenviron- 
ments  inhabited  by  extinct  organisms.  More- 
over, such  deposits  help  in  reconstructing 
post-glacial  biotic  migrations  and  successions. 
Based  on  studies  of  the  Wilkinson  deposit  and 
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other  similar  deposits  in  the  southern  Great 
Lakes  region,  it  appears  that  several  species 
of  organisms  were  ubiquitous  pioneers  to 
newly  created,  late-glacial  lakes  and  ponds. 
With  regard  to  plants,  members  of  the  genus 
Potamogeton  as  well  as  Najas  flexilis  are  par- 
ticularly common.  In  marls,  the  mollusks,  Val- 
vata  tricarinata,  Gyraulus  parvus,  Amnicola 
limosa  and  Pisidium  spp.  are  almost  always 
present.  While  these  species  may  be  indicative 
of  general  conditions  in  a  given  wetland,  it  is 
the  infrequent  or  scattered  taxa  that  may  be  of 
more  ecological  interest  because  they  may  in- 
dicate environmental  thresholds  or  ecotones 
for  their  respective  taxa.  Descriptive  and  nu- 
merical investigations  on  the  mollusk  com- 
munities of  the  lakes  and  wetlands  of  Indiana 
are  few  and  insufficient  not  only  in  terms  of 
documenting  extant  taxa,  but  also  as  a  re- 
source for  palaeoecological  inference.  Much 
research  on  the  existing  mollusk  faunas  and 
their  relationship  to  vertebrate  communities, 
predominating  vegetation,  wetland  hydrology 
and  morphometry,  substrate  type,  and  water 
chemistry  is  recommended.  These  data  will 
not  only  add  to  our  knowledge  of  extant  com- 
munities, but  it  will  also  facilitate  inferences 
about  palaeoenvironments  and  their  succes- 
sion. Additionally,  further  research  on  the  sub- 
fossils  in  the  marl  deposits  of  Indiana,  and 
elsewhere,  would  provide  more  precise  doc- 
umentation and  understanding  of  late-Pleisto- 
cene and  Holocene  biogeography. 

The  habitat  of  Castoroides  ohioensis. — 
The  Wilkinson  beaver  died  near  the  time  when 
its  species  went  extinct,  circa  10,000  years 
ago  (see  Cahn  1932).  The  Wilkinson  site  at 
the  time  the  specimen  died  was  a  mineral-rich, 
wet  meadow,  dominated  by  bulrushes.  Cat- 
tails, although  not  evidenced  by  subfossils, 
were  probably  also  present  in  appreciable 
numbers.  The  surrounding  forest  was  domi- 
nated by  white  spruce,  balsam  fir,  and  tama- 
rack, with  birch  and  aspen  probably  occupy- 
ing disturbed  sites  and  lakeshores. 

Many  authors  believe  that  a  reduction  or 
loss  of  the  preferred  habitat  of  the  giant  beaver 
at  the  end  of  the  Pleistocene  and  perhaps  its 
overspecialization,  including  the  inability  to 
disperse  readily  and  to  build  dams,  contrib- 
uted to  its  extinction  (Stirton  1965;  Kurten  & 
Anderson  1980;  Harington  1986;  Holman 
1995).  The  question  of  habitat  loss  can  be  ad- 
dressed by  studying  palaeoenvironments  and 


comparing  the  ancient  habitats  to  potential 
modern  analogues.  Based  on  the  subfossil 
analysis  of  the  Wilkinson  sight,  functional  an- 
alogues of  the  habitat  of  the  giant  beaver  have 
existed  from  the  time  when  it  flourished  to  the 
present  day.  All  of  the  taxa  found  at  the  Wil- 
kinson site,  are  extant  and  common  members 
of  modern  shallow-water  wetlands.  Only  the 
boreal  conifers  have  significantly  changed 
their  range  and  distribution,  but  even  these  are 
still  found  commonly  in  the  northern  Mid- 
west. Moreover,  suitable  wetland  habitats  for 
giant  beaver  have  increased,  not  decreased, 
since  the  retreat  of  the  last  glaciers,  due  in 
large  part  to  colonization  of  barren  outwash 
channels  by  emergent  vegetation  as  well  as 
ecological  succession  and  consequent  in-fill- 
ing of  deeper  water  bodies.  At  the  time  of  set- 
tlement of  Indiana,  shallow  wetlands  were  so 
plentiful  that  in  the  spring  of  the  year  one 
could  put  a  canoe  in  at  the  area  that  is  now 
Fort  Wayne  and  travel  all  the  way  to  Lake 
Michigan  without  having  to  portage  more  than 
a  mile  or  two.  It  would  seem  then,  that  habitat 
and  food  loss  are  not  likely  factors  in  the  ex- 
tinction of  the  giant  Beaver. 

The  exact  reason  for  the  extinction  of  the 
giant  beaver  and  the  other  North  American 
"ice  age"  megafauna  is  not  known.  However, 
there  are  two  changes  that  occurred  at  about 
the  time  the  megafauna  began  to  go  extinct; 
climate  and  the  immigration  of  humans  to 
North  America.  The  changes  associated  with 
transitions  from  interglacial  climates  to  glacial 
climates,  and  back  again,  do  not  seem  to  be  a 
logical  explanation  for  the  extinctions,  be- 
cause such  glaciation  cycles  have  occurred 
many  times  during  the  Quaternary  with  ap- 
parently no  major  effect  on  the  populations  of 
the  North  American  megafauna.  Therefore, 
the  only  apparent,  new  variable  that  occurred 
during  the  last  glaciation  is  the  appearance  of 
humans.  Whether  people  negatively  affected 
the  megafauna  via  hunting,  introduction  of 
disease,  or  both,  is  still  a  subject  of  much  con- 
troversy. 
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BIOLOGY  TEACHING  AT  HANOVER  COLLEGE,  1832-1984 
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ABSTRACT.  Instruction  in  the  biological  sciences  at  Hanover  College  is  traced  over  a  century  and  one 
half.  Teaching  methods  and  innovations,  buildings  and  rooms,  curricular  changes  in  biological  subjects, 
and  individual  teachers  are  described.  The  impact  of  biology  teaching  is  measured  (imperfectly)  by  the 
number  of  alumni  who  earned  advanced  degrees  in  biology  (89)  and  medicine  (276). 
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Classes  began  at  Hanover  in  1827,  but  in- 
struction in  the  earliest  years  was  at  the  high 
school  level.  College  level  instruction  proba- 
bly began  in  1831.  The  first  baccalaureate  de- 
grees were  conferred  in  1834  (Baker  1978; 
Hanover  College  catalog  1834).  Biological 
science  first  appeared  in  the  curriculum  in 
1836,  when  one  term  of  botany  became  part 
of  the  natural  philosophy  course.  By  1857 
there  were  three  terms  of  biology:  botany,  zo- 
ology, and  anatomy-physiology.  The  entire 
curriculum  was  prescribed  until  1906,  so  that 
each  student  had  to  take  each  course,  with 
very  few  exceptions.  The  biology  curriculum 
expanded  with  adoption  of  the  elective  system 
in  1906  and  later  with  expansion  of  the  faculty 
(catalogs;  Martin  1954). 

The  first  Hanover  professor  with  a  real 
graduate  school  knowledge  of  biology  was 
Frank  Bradley,  who  came  in  1868.  He  revo- 
lutionized the  courses,  using  field  trips  and 
lectures  rather  than  textbook-recitations.  Reg- 
ular laboratories  in  all  biological  subjects  be- 
gan in  1881,  under  Harvey  Young  (catalogs; 
Millis  1928). 

The  first  full-time  biology  professor  was 
Leonhard  Huber  in  1926.  Before  then,  the  bi- 
ologist had  to  teach  some  other  subject  also — 
usually  Latin,  geology,  or  chemistry  (catalogs; 
faculty  minutes).  A  second  professor  position 
began  in  1947,  a  third  in  1949,  a  fourth  in 
1966,  and  a  fifth  in  1968  (catalogs;  Baker 
1988). 

In  the  following  lists  and  details,  dates  for 
faculty  tenure  are  given  by  academic  year,  but 
other  dates  refer  to  the  date  of  catalog  publi- 
cation. The  college  catalogs,  faculty  minutes, 
and  most  of  the  other  manuscripts  cited  are 
housed  in  the  archives  of  the  Duggan  Library 


of  Hanover  College.  The  first  person  plural  is 
used  during  my  own  tenure  (1949—84)  for  de- 
partmental actions  in  which  I  participated. 

Teaching  methods. — Prior  to  1868  all  bi- 
ology teaching  was  by  recitation  from  as- 
signed textbooks,  with  occasional  lectures  (S. 
Coulter  in  Millis  1928;  Wiley  1917).  There 
must  have  been  a  few  demonstrations;  for  in- 
stance in  1859  Augustus  King  exhibited  his 
collection  of  live  "frogs,  lizards,  snakes,  etc." 
in  the  basement  of  Classic  Hall  to  students 
and  faculty  (Garritt  1907). 

Textbooks  have  always  been  chosen  by  the 
professors.  Until  1888  they  were  listed  in  the 
catalog:  in  botany — 1840-49  Olmstead,  Vol. 
2;  1850-56,  1858-59,  and  1862-68  Wood; 
1857,  1860-61  and  1869-87  Gray.  In  zoolo- 
gy—1851-56  Cutter;  1857-80  Agassiz  or  Ag- 
assiz  &  Gould;  1881-87  Orton.  In  anatomy- 
physiology — 1849  Jarvis;  1850-63  Cutter; 
1864-69  Dalton;  1870-87  Huxley.  In  general 
biology — 1882-87  Huxley  &  Martin.  Since 
1887  local  book  lists  and  (since  1949)  person- 
al knowledge  indicate  typical  textbook  choic- 
es for  American  colleges  and  universities. 

In  1868  Bradley  joined  the  faculty,  fresh 
from  the  graduate  school  of  Yale  University. 
He  instituted  field  trips  (called  "excursions") 
in  botany  (and  geology)  with  collection  and 
identification  of  specimens.  Thompson  Nel- 
son, who  followed  Bradley  and  taught  for  two 
years  ( 1 869-7 1 )  continued  the  field  trips  and 
lectured  very  well  (S.  Coulter  in  Millis  1928; 
J.  G.  Coulter  1940).  I  have  found  no  record 
of  the  teaching  methods  used  by  John  Hussey 
and  Manuel  Drennan  (1871-74).  John  Coulter 
(1874-79)  extended  the  botany  field  trips  and 
study  of  plant  specimens  with  the  use  of  his 
extensive    personal    herbarium    (faculty   min- 
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utes).  Young  (1879-1926)  instituted  the  prep- 
aration and  study  of  microscope  slides  by  stu- 
dents in  1881  in  botany  and  in  anatomy- 
physiology  and  the  laboratory  study  of  spec- 
imens in  zoology  in  1889.  (These  are  catalog 
dates;  regular  laboratory  exercises  for  students 
in  Young's  biology  courses  probably  began 
earlier.)  By  1905  weekly  two-hour  laboratory 
periods  in  all  biology  courses  were  listed  in 
the  catalog.  In  1925  the  catalog  description  of 
a  mammalian  anatomy  course  was  given  as 
one  hour  of  lecture  and  six  hours  of  laboratory 
dissection  per  week  (probably  it  was  taught 
by  Leonhard  Huber). 

In  1875,  while  he  was  on  the  Hanover  fac- 
ulty, Coulter  started  the  Botantical  Gazette,  a 
respected  scientific  journal  which  continued 
through  1992.  During  the  four  years  it  was 
published  at  Hanover  it  included  numerous 
short  notes  on  the  plants  of  Indiana  by  Coulter 
and  several  each  by  Hanover  alumni  Stanley 
Coulter  (John's  brother).  Young,  and  Charles 
Barnes  (J.M.  Coulter,  Botanical  Gazette  1875- 
88). 

Joseph  Hyatt  (1929-53)  included  thorough 
laboratory  work  or  field  trips  in  all  his  courses 
except  human  anatomy,  physiology,  hygiene, 
and  teaching  of  biology.  In  1952  we  added 
experimental  laboratories  in  animal  physiolo- 
gy and  in  bacteriology.  From  1952—84,  all  bi- 
ology courses  included  at  least  one  weekly 
laboratory  or  field  trip  except  small-credit 
courses  in  cell  biology  (for  the  first  three  years 
it  was  taught)  and  human  nutrition  (taught 
only  1953-60)  and  seminar  (1979-84).  Clas- 
ses were  primarily  lectures,  with  some  reci- 
tations and  student  reports  from  1949—84. 

In  1962  the  entire  college  curriculum  was 
revised  — "The  Hanover  Plan."  It  included  a 
requirement  for  a  full  course,  4.5  semester 
hours,  of  independent  study  for  all  seniors. 
For  biology  majors,  this  meant  an  individual 
research  project  (in  laboratory  or  field)  under 
a  professor's  direction  with  library  reading 
and  a  written  report,  as  well  as  an  oral  report 
in  the  senior  seminar.  Many  of  these  were  of 
high  quality,  both  as  learning  experiences  for 
the  students  and  scientific  contributions  (per- 
sonal recollection).  At  least  nine  of  the  reports 
(1962—84)  were  published  in  scientific  jour- 
nals. However,  this  was  not  the  first  instance 
of  senior  research  projects  in  biology.  As  early 
as  1898  the  catalog  allowed  for  an  "advanced 
biology"  course  in  the  senior  year,  taken  as 


an  overload.  In  practice,  under  Young  this 
usually  meant  that  a  capable  student  worked 
on  a  plant  taxonomy  project  in  field  and  her- 
barium (faculty  minutes;  Banta  1950).  Even 
earlier,  in  1871,  as  a  senior  student  Young 
published  a  52-page  report  on  the  plants  of 
Jefferson  County  (Young  1871)!  I  am  unaware 
of  any  formalized  undergraduate  research 
from  1926-1951,  but  a  catalog  listing  of 
courses  in  botanical  problems  began  in  1949 
and  zoological  problems  in  1951.  Under  this 
program  (1951-1962),  one  to  three  senior  stu- 
dents per  year  worked  on  individual  research 
projects  under  faculty  direction  (personal  rec- 
ollection). At  least  two  of  these  were  pub- 
lished, and  some  were  later  expanded  into 
graduate  research  projects  (as  were  others  be- 
fore and  since). 

Public  examinations  in  all  subjects  were  held 
by  a  committee  of  the  Board  of  Trustees  from 
1 850  through  1 878  at  the  close  of  each  college 
year.  These  were  sometimes  oral  and  some- 
times written,  or  partly  written,  and  were  for 
all  students.  Beginning  in  1858,  these  public 
examinations  were  for  freshmen  and  juniors 
only  for  studies  of  the  year  just  being  com- 
pleted, but  for  sophomores  and  seniors  for  the 
entire  preceding  two  years  of  study  (catalogs). 

"Private"  examinations  by  the  professor  in 
the  course  were  given  monthly  in  1850,  but 
irregularly  "at  the  pleasure  of  the  professor" 
beginning  in  1858.  Beginning  in  1865  (faculty 
minutes)  students  were  graded  daily  on  their 
recitations.  By  1879  (faculty  minutes  and  cat- 
alog) students  were  graded  not  only  daily  on 
their  recitations,  but  sometimes  on  in-course 
examinations,  and  always  on  a  two-hour  writ- 
ten examination  at  the  end  of  the  term-course, 
the  last  counted  as  20%  of  the  course  grade. 
Sometime  in  the  early  twentieth  century  the 
requirements  of  20%  for  the  final  exam  and 
the  daily  recitation  grade  were  dropped.  We 
began  laboratory  examinations  ("practicals") 
in  1949  in  most  courses. 

Professors. — The  professors  who  taught  bi- 
ology at  Hanover  College  are  listed  in  Table 
1  (Baker  1988;  catalogs).  The  long  tenure  of 
several  biology  professors,  Young,  47  years; 
Webster,  35  years;  Maysilles,  33  years;  Mac- 
Millan,  32  years;  Pray,  29  years;  and  Hyatt, 
25  years,  certainly  made  the  biology  program 
stable.  Probably  it  also  made  for  steady,  in- 
cremental improvement  in  teaching. 

Buildings  and  equipment. — From   1857- 
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Table  1. — Hanover  College  biology  professors,  1835-present.  (There  were  none  from  1833-1835.) 


Dunn,  William  McKee 
(None  1836-40) 
Hynes,  Thomas 
(None  1846-49) 
Stone,  Jared 
King,  Augustus 
Scott,  J.  W 
Bradley,  Frank 
Nelson,  Thompson 
Hussey,  John 
Drennan,  Manuel 
Coulter,  John 
Young,  Harvey 
Huber,  Leonhard 
Hyatt,  Joseph 
Dailey,  Willard 
Kent,  George 
Fuller,  Thomas 
Maysilles,  James 
Webster,  Dan 
Pray,  Enos 
Lengel,  Patricia 
Edwards,  Ernest 
Skacklette,  Hansford 
Webster,  Juanita 

Sheen,  Shuh-Ji 
Cory,  Walter 
Weatherwax,  Paul 
Guerin,  Terry 
MacMillan,  Paul 
Hafner,  Gary 
Sherwin,  Richard 
Smith,  Bonnie 
Schaible,  Robert 
Hazel,  Wade 
Auth,  David 
Hixson,  Marilyn 
Chamberlain,  Dwight 

Middleton,  Pamela 
McDonald,  Dennis 
Karns,  Daryl 
Binger,  Lynetta 
Bruyninckx,  Walter 
Hughes,  Jeffrey 
Faszewski,  Ellen 
Stemke,  Douglas 


1835-36 

1840-45 

1849-56 

1857-59 

1860-68 

1 868-69 

1869-71 

1871-72 

1 872-74 

1874-79 

1879-1926 

1915-29 

1929-53 

1933-34 

1947_48 

1948-49 

1949-82 

1949-84  and  1995 

1953-81 

1954-55  (1  semester) 

1955-56  (1  semester) 

1956-57 

1960-62  and  1965-66 

(part-time) 
1962-66 
1966-69 
1966  (1  term) 
1963-64  and  1968-73 
1969-2001 
1972-73  (1  term) 
1973-79 
1976-77 

1979-80  (part-time) 
1980-81  (1  term) 
1981-83 

1981-83  (part-time) 
1982-83  and  1986-87 

and  1995  (part-time) 
1983-92 
1983- 
1984- 
1991-94 
1992- 
1994- 
1998-2000 
2000- 


Also  physics,  chemistry,  geology 

Also  physics,  chemistry,  geology 

Also  geology  and  chemistry 

Also  geology  and  chemistry 

Also  geology  and  chemistry 

Also  geology 

Also  geology  and  chemistry 

Also  geology  and  chemistry 

Also  geology  and  chemistry 

Also  geology,  chemistry,  Latin 

Also  chemistry  and  (until  1893)  geology 

Also  chemistry  until  fall  1926 


1897  a  basement  room  in  Old  Classic  Hall 
served  as  a  laboratory  and  museum  for  biol- 
ogy. (The  building  burned  in  1941.)  Science 
Hall,  with  a  museum  and  classroom-labora- 
tory on  the  third  floor,  served  for  biology  from 
1897-1919,  but  it  burned  in  1919.  It  was  re- 


built that  same  year,  but  with  only  two  floors; 
biology  occupied  a  second  floor  room  for  clas- 
ses and  laboratories  from  1919-1947,  when 
the  building  was  razed  (catalogs;  bulletins; 
Young  1899).  Goodrich  Hall  served  from 
1947-2000;  the  second  floor,  only,  was  de- 
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voted  to  biology  until  1975;  a  renovation  in 
1975  expanded  space  for  biology  laboratories, 
classrooms,  and  offices  to  the  second  floor  and 
half  of  the  first  floor  (personal  recollections). 

The  burning  of  Science  Hall  in  1919  must 
have  been  a  severe  blow  to  Harvey  Young. 
Not  only  were  the  college  herbarium  and  col- 
lection of  mounted  animals  destroyed,  but  also 
Young's  personal  herbarium,  collected  and 
amassed  over  50  years  (bulletins;  Banta 
1950).  Science  Hall  was  soon  rebuilt,  but  with 
less  space  for  teaching,  and  without  the  mu- 
seum and  herbarium.  How  many  microscopes, 
and  of  what  types,  there  were  before  1925  is 
unrecorded.  A  photograph  of  the  biology  lab- 
oratory in  1925  shows  eight  microscopes, 
with  several  more  apparently  out  of  the  pic- 
ture (bulletin  1927).  My  memory  indicates  27 
serviceable  compound  microscopes  in  1949, 
and  one  binocular  stereoscopic  microscope. 
Also,  there  were  three  rotary  microtomes,  four 
micro-projectors,  and  two  small  incubators  in 
the  way  of  biological  instrumentation.  From 
1950-1984  there  was  a  steady  acquisition  of 
biological  equipment  and  instruments,  includ- 
ing many  more  microscopes,  an  autoclave, 
constant-temperature  rooms,  animal  physiol- 
ogy equipment,  centrifuges,  specialized  stor- 
age cabinets,  Warburg  apparatus,  binoculars, 
telescope,  respirometers,  etc. 

Curriculum. — Until  1906,  the  entire  "clas- 
sical" curriculum,  which  was  taken  by  most 
students,  was  prescribed.  The  "scientific"  cur- 
riculum, also,  was  prescribed;  it  differed  from 
the  "classical"  in  the  language  courses  taken, 
but  not  in  the  science  courses  taken,  with  a 
few  temporary  exceptions.  All  biology  cours- 
es offered  are  listed  here.  Credit  (in  the  mod- 
ern sense)  was  not  stated  until  1902;  all  credit 
hours  are  given  here  in  semester  hour  equiv- 
alents. The  term  was  a  quarter-year  from 
1840-1926;  a  semester  before  1840  and 
1926-62;  two  long  terms  and  a  short  spring 
term  1962-84.  (All  information  is  from  cata- 
logs, except  minor  modifications  after  1949 
from  personal  knowledge.) 

1821-57:  Variation  from  no  biology  in  the 
curriculum  up  to  two  terms — botany  and  anat- 
omy-physiology. 

1858-1880:  Three  or  four  terms  of  biolo- 
gy— botany,  zoology,  and  anatomy-physiolo- 
gy- 

1881-1905:  Five  to  seven  terms  of  biolo- 
gy— botany,    zoology,    general    biology,    hy- 


Table  2. — Hanover  College  alumni  who  earned  a 
Ph.D.  in  Biology.  Classes  through  1984.  A  few  out- 
standing scientists  who  lacked  a  Ph.D.  are  included, 
(d  =  deceased) 


John  Merle  Coulter  (d) 

1870 

Moses  Stanley  Coulter  (d) 

1871 

Andrew  Harvey  Young  (d) 

1871  (A.M.  only) 

Orlando  C.  Charleton  (d) 

1872  (A.M.  only) 

Charles  Reid  Barnes  (d) 

1877 

Amos  Butler,  (d)  fellow 

1877-78 

student  1  year 

(A.M.  only) 

Samuel  E.  Monds  Coulter  (d) 

1880 

Richard  E.  Schuh  (d) 

1882 

Leonard  W.  Williams  (d) 

1895 

Rae  E.  Hoffstadt  (d) 

1908 

Gayle  H.  Hufford  (d) 

1914 

Harold  C.  Voris  (d) 

1923 

Clifford  E.  Murphy  (d) 

1936 

Dwight  M.  Lindsay  (d) 

1947 

Leland  Chandler  (d) 

1949 

Harold  E.  McReynolds 

1950  (M.A.  Only) 

Frank  M.  Fisher 

1953 

James  R.  Zimmerman 

1953 

Patricia  L.  Walne 

1954 

Robert  H.  Brewer 

1955 

Charles  H.  George 

1955 

Richard  B.  Parker 

1958 

Kurt  E.  Blum 

1961 

Donald  Gordon 

1962 

Terry  L.  Guerin 

1962 

Harold  K.  Voris 

1962 

Philip  C.  Bibb 

1963 

Gwilyn  S.  Jones 

1964 

Philip  H.  Hedrick 

1964 

Gary  L.  Hafner 

1965 

R.  Eric  Lombard 

1965 

William  A.  Falls 

1970 

John  H.  Wilkins 

1971 

John  L.  Edel  (d) 

1972 

Kristine  Rector  Gleason 

1973 

R.  William  Mannan 

1974 

Stephen  H.  Klemann 

1975 

Kemuel  S.  Badger 

1979 

John  K.  Davis 

1979 

Toni  L.  Poole 

1979 

W.  Robert  Revelette 

1979 

Mark  G.  Bolyard 

1984 

giene,  and  anatomy-physiology  in  various 
combinations. 

1906-1914:  Elective  system  began:  these 
courses  were  offered — botany  4-8  hours,  zo- 
ology 2.7-3.7  hours,  anatomy-physiology 
2.3-2.7  hours. 

1915-28:  Departmental  majors  began;  2 
majors  required.  These  courses  offered — bot- 
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any  6-8  hours,  general  biology  8-10  hours, 
zoology  6-8  hours,  anatomy-physiology  2.7- 
3  hours,  human  embryology  2.7-3  hours,  bac- 
teriology 0-2.7  hours,  mammalian  anatomy 
0-2.7  hours,  teaching  of  biology  0-2  hours. 

1929^46:  Only  one  departmental  major 
(and  one  minor)  required  from  1929  on.  These 
courses  offered — general  biology  10  hours, 
advanced  zoology  8  hours,  advanced  botany 
0-6  hours,  human  anatomy  0-3  hours,  hy- 
giene 0-3  hours,  embryology  3-4  hours, 
physiology  0-5  hours,  teaching  of  biology  2 
hours,  vertebrate  comparative  anatomy  0-4 
hours,  histology  0-4  hours. 

1947-60:  Separate  departments  of  botany 
and  zoology  created.  In  botany — general  10 
hours,  ecology  3  hours,  taxonomy  3  hours,  he- 
redity 0-3  hours,  anatomy  0-3  hours,  physi- 
ology 0-3  hours,  botanical  problems  0-3 
hours,  bacteriology  0-4  hours,  pathogenic  bac- 
teriology 0-4  hours.  In  zoology — general  10 
hours,  entomology  4  hours,  human  anatomy  0— 

3  hours,  physiology  3  hours,  hygiene  0-3 
hours,  embryology  4  hours,  histology  0-4 
hours,  nutrition  0-2  hours,  vertebrate  compar- 
ative anatomy  4  hours,  teaching  of  biology  2 
hours,  ornithology  0-3  hours,  parasitology  0— 

4  hours,  vertebrate  field  zoology  0-3  hours, 
zoological  problems  0—3  hours,  cell  biology  0— 
2  hours. 

1961:  Botany  and  zoology  recombined  as 
single  biology  department.  Courses  little 
changed  from  previous  year. 

1961—78:  Curriculum  completely  revised  in 
1962  ("The  Hanover  Plan").  The  overall  in- 
tent of  the  curricular  revision  was  to  require 
the  student  to  concentrate  more  on  fewer 
courses,  with  each  course  worth  the  same  as 
each  other  course — 4.5  semester  hours — and 
taken  in  a  logical  sequence  during  his  or  her 
four  years.  There  was  also  an  increase  in  the 
natural  science  requirement.  Each  student 
took  three  courses  during  each  of  two  14- 
weeks  terms  and  one  course  during  a  4-weeks 
spring  term.  Biology  courses  offered  were: 
general  biology  I,  general  biology  II,  genetics- 
cell  biology,  vertebrate  embryology,  verte- 
brate field  zoology,  plant  morphology,  animal 
physiology,  vertebrate  comparative  anatomy, 
genetics-evolution,  bacteriology,  animal  para- 
sitology, ecology,  plant  taxonomy,  plant  phys- 
iology, special  senior  general  biology,  inde- 
pendent study-seminar.  For  parts  of  this  period 
these  courses  were  added — radiation  biology, 


biogeography  of  plants,  non-flowering  plants, 
animal  behavior,  human  biology,  genetics  (as 
a  full  course,  with  genetics-cell  biology 
dropped),  cell  biology  (as  a  full  course). 

1979—84:  Curriculum  completely  revised 
("Revised  Hanover  Plan'1).  The  overall  intent 
of  the  curricular  revision  was  to  decrease  the 
concentration  on  particular  courses,  with  more 
courses  taken  and  the  natural  science  require- 
ment lessened.  Each  student  took  four  courses 
during  each  of  two  1 3i¥i  weeks  terms  and  one 
course  during  a  4-weeks  spring  term.  Each 
course  was  worth  3.4  semester  hours  credit.  Bi- 
ology courses  were:  elementary  biology,  gen- 
eral biology  I,  general  biology  II,  general  bi- 
ology III  ,  biological  conservation,  ornithology, 
ecology,  human  anatomy-physiology,  animal 
physiology  I,  animal  physiology  II,  mammal- 
ogy, vertebrate  embryology,  genetics,  micro- 
biology, animal  parasitology,  cell  biology, 
plant  taxonomy,  plant  morphology,  plant  phys- 
iology, non-flowering  plants,  vertebrate  com- 
parative anatomy,  independent  study,  seminar 
{Va  credit).  For  parts  of  this  period  these  courses 
were  added — internship,  histology,  animal  be- 
havior, immunology,  special  topics. 

1906—84:  The  general  graduation  natural 
science  requirements  for  all  B.A.  or  B.Sc.  can- 
didates under  the  elective  system  were 
changed  several  times.  From  1906-26  they 
were  4-8  hours  of  botany  and  4-8  hours  of 
physical  science.  From  1927-61  they  were 
10-12  hours  of  natural  science,  in  some  years 
including  mathematics.  From  1962-78  they 
were  13.5  hours  in  two  or  three  natural  sci- 
ence departments.  From  1979-84  they  were 
6.8  hours  in  two  natural  science  departments. 

Hanover  alumni;  classes  through  1984. — 
One  measure  of  the  effectiveness  of  college 
teaching  is  the  list  of  alumni  who  have  earned 
advanced  (=  graduate)  degrees  in  the  subject. 
Using  this  yardstick,  43  Hanover  alumni  have 
earned  a  Ph.D.  in  biology  (Table  2)  and  46 
additional  alumni  a  master's  degree  in  biology 
(Table  3).  Another  21  who  were,  or  are,  high 
school  teachers  of  biology  earned  a  master's 
degree  in  education  (Table  5).  Four  others 
who  did  not  earn  an  advanced  degree  in  bi- 
ology (but  did  in  medicine  or  chemistry:  Table 
4)  published  numerous  scientific  papers  in 
physiology  (Guthrie  1962).  It  would  be  mis- 
leading to  imply  that  only  biology,  of  a  pre- 
medical  student's  courses,  prepared  him  or  her 
for  medical  school.  Nonetheless,  it  is  relevant 
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Table  3. — Hanover  College  alumni  who  earned  a 
Master's  degree  in  Biology,  but  not  a  Ph.D.  Classes 
through  1984.  A  few  accomplished  scientists  with 
no  earned  graduate  degree  are  included,  (d  =  de- 
ceased) 


Table  4. — Hanover  College  alumni  who  did  not 
earn  a  graduate  degree  in  biology  (though  did  in 
chemistry  or  medicine),  but  published  numerous 
scientific  papers  in  physiology  (Guthrie  1962).  All 
are  deceased. 


Frederick  C.  Coons  (d) 
James  Carlton  Nelson  (d) 

(no  earned  graduate  degree) 
Theophilus  A.  Tyler  (d) 
Albert  Edward  Wiggam  (d) 

(no  earned  graduate  degree) 
Leonhard  Louis  Huber  (d) 

(no  earned  graduate  degree) 
Allen  Montgomery  (d) 
W.  Howard  Clashman  (d) 
Edna  Banta  (d) 
William  C.  Covert  (d) 
Charles  Thayer  (d) 
Woodrow  Fleming 
Cecil  Poe 
David  M.  Greist 
Beverly  Maxwell  Poynter 
John  Vernon  Davis 
Jeremy  Felland 
Margaret  Hiatt 
Betty  Jane  Gough  Meadows 

(also  Ph.D.  in  science  education) 
John  R.  Ackland 
William  R.  Brummet 
Jerry  L.  Fishel 
Gerald  R.  Sintz 
Claire  Kelsch  Jolie 
Laura  Gale  Culbert 
Susan  Collins  Schell 
Charles  C.  Harper 
James  Maschmeyer 
Marsha  Sickel 
Diana  L.  Adams 
Rebecca  Consaul  Barker 
Nancy  Gloman 
John  B.  Bailey 
Greg  R.  Bright 
William  K.  Davee 
Jeffrey  L.  Kingdon 

(no  graduate  degree) 
Lynn  Coburn  Klemann 
Timothy  Miller 
Thomas  A.  Pray 
Richard  Wright 
Sally  Stoehr 
Mark  McReynolds 
Beth  Armstrong  Amstad 
Christian  J.  Martin 
Andrew  Murray 
Wendy  E.  Wagner 


1887 

James  Lucien  Morris 

1890 

Carl  Paxson  Sherwin 

1893 

Nelse  F.  Ockerblad 

1893 

Jesse  Willam  Cavett 

1907  (Ph.D.  in 

chemistry) 

1909  (M.D.) 

1914  (M.D.) 

1921  (Ph.D)  in 

chemistry) 


1915 

1919 
1923 
1924 
1925 
1933 
1936 
1936 
1942 
1951 
1953 
1954 
1954 
1962 

1963 
1963 
1963 
1963 
1964 
1967 
1968 
1969 
1970 
1971 
1972 
1972 
1974 
1975 
1975 
1975 
1975 

1975 
1975 
1976 
1976 
1977 
1978 
1980 
1981 
1981 
1982 


that  228  Hanover  alumni  earned  an  M.D.  de- 
gree (Table  6),  10  a  doctorate  in  veterinary 
medicine,  32  a  doctorate  in  dentistry,  and  6  a 
doctorate  in  osteopathic  medicine  (Table  7). 

Tables  3-7  were  compiled  from  various 
sources:  alumni  directories,  Guthrie  1953, 
1958,  1962  manuscripts,  my  personal  records, 
and  returns  from  a  questionnaire  sent  out  by 
the  alumni  office  in  1999  to  biology  major 
alumni.  Probably  the  figures  are  incomplete, 
despite  these  efforts.  Four  alumni  were  in- 
cluded in  the  Ph.D.  list  although  they  had  only 
earned  an  M.A.  in  biology,  and  four  were  in- 
cluded in  the  master's  degree  list  although 
they  had  no  earned  graduate  degree.  These 


Table  5. — Hanover  College  alumni  who  earned  a 
Master's  degree  in  education,  whose  undergraduate 
major  was  biology,  and  who  taught  high  school,  (d 
=  deceased) 


1941 
1942 

1947 

1948 
1949 
1950 

1953 

1954 
1955 
1956 
1957 
1961 
1964 
1965 
1966 
1967 
1976 
1977 


James  Taflinger 

Laurel  Hyatt  Williams 

Edwards  Billingsley 

Wilfred  Jenkins 

Clyde  Cook 

Edwin  Steinkamp 

Merrill  Scott  (d) 

Richard  Sturm 

Paul  Chastain 

Ben  Wernz 

Robert  Taylor 

Paul  Diller 

Pamela  Patterson  Morford 

Donal  Goerlitz 

Robert  Maudlin 

Julia  Spencer 

John  Bird 

Dennis  Anderson 

Myra  Jones  Morgan 

Ronald  Cadle 

Keith  Gehring 
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Table  6. — Hanover  College  alumni  who  earned 
an  M.D.  degree.  The  date  indicates  the  class  year, 
(d  =  deceased) 


Table  6. — Continued. 


1 835 
1836 
1841 
1842 
1843 
1848 


1849 
1950 
1855 

1860 

1861 

1863 

1866 
1867 


1868 
1870 
1871 

1872 
1873 
1874 


1875 


1876 

1878 
1879 


1880 
1881 
1881 
1882 
1884 
1886 

1891 

1892 
1893 
1894 


1895 


Middleton  Goldsmith  (d) 
Andrew  Fulton  (d) 
George  Lyen  (d) 
Alexander  Johnston  (d) 
John  Trenchard  (d) 
Addison  Bare  (d) 
Robert  Shannon  (d) 
Samuel  Taggart  (d) 
Jesse  Higbee  (d) 
Joshua  Brengle  (d) 
Alfred  Snoddy  (d) 
Thomas  Tucker  (d) 
William  Collins  (d) 
James  Wilson  (d) 
John  Richardson  (d) 
Solon  Tilford  (d) 
Amos  Patterson  (d) 
Benjamin  Tucker  (d) 
Thomas  Heady  (d) 
Marion  Amick  (d) 
James  Matthews  (d) 
Harvey  Wiley  (d) 
William  Brandt  (d) 
Thomas  Cravens  (d) 
W  R.  Amick  (d) 
Joseph  Stillson  (d) 
Henry  Pettibone  (d) 
John  Shadday  (d) 
Robert  Henning  (d) 
Robert  Jones  (d) 
Joel  Wilson  (d) 
Joseph  Eastman  (d) 
George  Evans  (d) 
Joseph  Thomson  (d) 
Allen  Moore  (d) 
Horace  Smith  (d) 
John  Hays  (d) 
Galen  Cline  (d) 
Ben  Strader  (d) 
Hamilton  Stillson  (d) 
John  Sturgus  (d) 
Harry  Gaylad  (d) 
John  Hunt  (d) 
John  Ramsay  (d) 
Elmer  Cravens  (d) 
Charles  Bottorff  (d) 
Howard  Fisher  (d) 
Alois  Graham  (d) 
William  McKee  (d) 
Lewis  Drayer  (d) 
Gertrude  Morse  (d) 
William  Jenkins  (d) 
William  Richmond  (d) 
Vincent  Shepherd  (d) 
Leander  Riely  (d) 
William  Shelby  (d) 


1896 

Guy  Hamilton  (d) 

1897 

Earl  Burger  (d) 

James  Lewis  (d) 

1898 

Cameron  Chamberlain  (d) 

Henry  Thompson  (d) 

1902 

Carl  Henning  (d) 

Robert  Shanklin  (d) 

1904 

Frederick  Greene  (d) 

Sylvia  Greene  (d) 

Oscar  Turner  (d) 

1905 

William  Wallace  (d) 

1907 

Arthur  Whallon  (d) 

1909 

Carl  Sherwin  (d) 

1913 

Carey  MacDonnell  (d) 

1914 

Nelse  Ockerblad  (d) 

1915 

Theodore  Petranoff  (d) 

1916 

Cleon  Colgate  (d) 

Robert  Millis  (d) 

1917 

Francis  Prenatt  (d) 

1918 

Wayne  Harmon  (d) 

Hursell  Manaugh  (d) 

1921 

Clifford  Keidel  (d) 

Richard  Schmitt  (d) 

1922 

Harold  Wilber  (d) 

1923 

Harold  Voris  (also  Ph.D. 

anatomy)  (d) 

1924 

Harry  Hensler  (d) 

1927 

James  Lewis  (d) 

1928 

Frank  Bard  (d) 

1929 

Charles  Allison  (d) 

Roger  Whitcomb  (d) 

1 935 

Burgess  Boone 

James  Shanklin  (d) 

1935 

William  Warn  (d) 

1936 

Edward  Boone 

John  Lee 

1937 

Jack  Hannah 

Jules  Heritier 

1939 

Robert  Zink 

1940 

Max  Willis 

1941 

Donald  Smith  (d) 

1942 

Steven  Sheppard 

1943 

David  Baumann 

Roy  Behnke 

1944 

Thomas  Hamilton 

Morris  Shenk  (d) 

1948 

Thomas  Roberts 

1949 

Richard  Can- 

Edward  Morris 

1950 

Bernard  Cooper 

William  Howard  (d) 

Ronald  Moore  (d) 

Ezra  Shaya 

John  Moore 

1 95  1 

Jack  Riner 

Alfred  Hauersperger 

1952 

John  MacDonnell 

1953 

Marian  Hsueh  Doering 
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Table  6. — Continued. 


Table  6. — Continued. 


1955 

Carl  Bogardus 

James  Massman 

1956 

Tony  Solazzo 

1958 

Carl  Moore 

Gary  Lowe 

Gary  Babcoke 

1959 

Larry  Allen 

1960 

James  Peterson 

John  Williams 

1961 

Matthew  Neal 

Robert  Weetman 

Ron  Myers 

1962 

James  Jackson 

Lewis  Thomas 

1963 

Robert  Heasty 

Frederick  Kuemmerle 

1965 

Vincent  Couden 

Charles  Montgomery 

Stephen  Olvey 

Frank  Cummins 

Robert  Larson 

1966 

Beverley  Carpenter  (d) 

Karl  Klein 

Steven  Lenn 

Thomas  Moretto 

James  Hunt 

1967 

Rex  Parent 

Paul  Rider 

Brenda  Igo  Townes 

1968 

Andrew  Burgess 

Annette  Gralia  Burst 

Thomas  Jamison 

John  Stene 

Gregory  Weber 

1969 

Rick  Banta 

David  Henderson 

Richard  Kimbler 

William  Loop 

Talmage  Porter 

Timothy  Costich 

David  Rasmussen 

George  Schwemlein 

John  Swarner 

Douglas  Tuttle 

Barry  Wright 

1970 

William  Culp 

Rex  Gentry 

Robert  Clements 

Judith  Nation  Koehler 

1971 

Curtis  Stine 

Donna  Alford  Wilkins 

1972 

Joseph  Beardsley 

Marvin  Bowers 

Wylie  McGlothlin 

1973 

William  Baker 

Deborah  Givan 

Thorn  Mayer 

Galen  Poole 

1974 


1975 


1977 


1978 


1979 


1981 


1982 


1983 


1984 


Itzhak  Shasha 
Robert  Alonso 
Craig  Elliott 
Brian  Haag 
Carol  Schobert 
Robert  Thornberry 
Kathy  Schilling  Coletta 
Horace  Hambrick 
Douglas  Moeller 
Mark  Wessling 
Steven  Goff 
Wesley  Ratliff 
Ricky  Adams 
Wade  Clapp 
Jeffrey  Christie 
Jon  Be  vers 
Ricky  Kime 
Craig  Banta 
Michael  Bush 
Michael  Chitwood 
Terry  Fenwick 
James  Hussey 
Thomas  Eccles 
Howard  Schafer 
Peter  Wells 
Stephen  Ash 
Michael  Hollifield 
Steven  Norris 
Kathleen  Miller 
Robert  Revellette  (also 

Ph.D.,  physiology) 
Anthony  Perkins 
Betty  Roberts  Raney 
Jill  Abrams 
Michael  Butt 
Stephen  Grohmann 
Timothy  Kosfeld 
Gerald  Lucus 
Donna  Metz  Metz-Dunn 
Curtis  Shinabarger 
Glen  Hastings 
James  Knopp 
Avneet  Bawa 
David  Heimburger 
Julie  Phillips  Mark 
Eric  Beier 
Scott  Clark 
Lori  Davidson 
Anna  Fisher 
Christine  Tremper  Later 
Michael  Miller 
James  Rice 
John  Ramsey 
Brian  Ward 
Wendell  Bailey 
Carol  Cardonna 
Kara  Wools 
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Table  7. — Hanover  College  alumni,  classes  through  1984,  who  earned  a  doctorate  in  a  medically-related 
field  (other  than  MD).  (d  =  deceased) 


1937 

Robert  Davis  DDS 

1964 

Richard  Waltz  DVM 

George  Gingles  DMD  (d) 

1965 

Michael  Farkas  DDS 

1941 

Herbert  Alton  DMD 

1966 

Charles  Broughton  DMD 

Robert  Ward  D  Ost 

1967 

Alan  Kolb  DMD 

1944 

Charles  Vincent  DDS 

William  Priddy  DDS 

William  Stucker  DDS 

Alvars  Vitols  DDS 

1945 

Robert  Hallowell  DMD 

1968 

Ronald  Bowman  DVM 

1946 

Charles  Denton  DDS  (d) 

Susan  Collins  Schell  DDS 

1950 

Frank  Barnes  D  Ost 

Cy  Young  D  Ost 

Elbert  Combs  DDS 

1969 

Woodrow  Oakes  DDS 

Emery  Ailing  DDS 

Robert  Scott  D  Ost 

Richard  Newton  DDS 

1971 

Peter  Claussen  DDS 

Richard  Thomas  Newton  DDS 

Lawrence  Watts  DVM 

1951 

John  Walker  DMD 

1972 

Alan  Scheidt  DVM 

1952 

Joseph  Clark  DDS 

1973 

Gary  Ball  DDS 

Donnell  Marlin  DDS 

Laura  Van  Winkle  Chapman  DMD 

1953 

Richard  Henderson  DDS 

1974 

Mark  Thompson  DDS 

Jim  Hennegan  DVM 

1975 

William  Davee  DDS 

1957 

Robert  Gillespie  DVM 

1976 

Richard  Sievers  D  Ost 

Donald  Merryman  DVM 

1978 

Kathleen  Hennegan  DVM 

1958 

Philip  Richardson  DDS 

Stephen  Stiller  DDS 

1960 

Jack  Gillespie  DVM 

1983 

Suzanne  Cooper  Lee  DVM 

1963 

Deborah  Turner  DDS 

James  McConnell  DDS 

Ned  Underwood  D  Ost 

William  Princell  DDS 

step-ups  were  mostly  from  Visher's  (1951)  ac- 
counts of  important  Indiana  scientists. 
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